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FOREWORD 

Under  present  marketing  methods,  most  agricultural  products  are 
graded,  sorted,  or  divided  into  groups  in  producing  areas  in  order  to 
channel  each  type  of  product  into  its  best  market  or  use.   These  sort- 
ing or  grading  operations  require  a  great  deal  of  labor,  which  is  often 
difficult  to  recruit  during  the  harvest  season  and  is  becoming  increas- 
ingly costly.  This  study  was  made  to  determine  some  principles  which, 
if  applied,  would  reduce  the  labor  requirements  for  grading  without 
impairing  inspection  efficiency. 

The  principles  developed  in  this  study  are  based  on  tests  with 
cylinders,  ellipsoids,  and  spheroids.  As  the  laboratory  specimens 
used  more  nearly  simulate  certain  fruits  and  vegetables  than  many  other 
products,  the  data  obtained  are  likely  to  be  most  applicable  to  such 
commodities.   The  principles  developed,  however,  appear  to  be  applica- 
ble to  smaller  agricultural  products,  such  as  tree  nuts,  and  some 
other  products  that  are  conveyed  or  moved  on  tables  or  belts  past 
graders . 

Only  limited  application  of  the  laboratory  data  to  grading  operations 
in  fruit  and  vegetable  packinghouses  was  attempted,  but  these  tests 
indicated  that  relatively  large  savings  in  labor  currently  employed  in 
grading  some  commodities  are  possible.   Further  tests  are  needed  to 
check  the  validity  of  the  laboratory  data  under  field  operating  condi- 
tions, and  to  determine  the  best  application  of  these  data  to  various 
types  of  products.   Color  sorting,  which  is  particularly  important  in 
grading  apples  and  some  other  fruits,  needs  to  be  fully  explored  to 
provide  the  basic  data  required  to  maximize  the  efficiency  of  grading 
operations . 

Such  additional  research  should  serve  to  point  up  the  limitations 
of  existing  grading  tables  and  belts,  and  to  provide  the  basis  for 
developing  improved  tables  on  which  the  proper  speeds  of  translation 
and  rotation  of  various  products  could  be  provided  to  obtain  greatest 
labor  efficiency  consistent  with  the  outgoing  qualities  desired. 


WILLIAM  C.  CROW,  Director, 

Marketing  and  Facilities  Research  Branch. 
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SUMMARY 

Studies  in  California  apple  and  pear  packinghouses  show  that 
grading  or  sorting  operations  account  for  25  percent  of  all  hourly  rate 
labor  employed  and  15  percent  of  the  total  labor  costs.   As  grading  is 
a  relatively  costly  operation,  this  study  was  conducted  to  determine 
and  evaluate  some  of  the  principles  which,  if  followed,  would  reduce 
labor  requirements  and  maintain  or  increase  inspection  efficiency. 

Grading  is  a  combination  visual -manual  operation  performed  on  the 
product  by  means  of  which  defective  items  are  removed  from  the  lot  and 
the  remainder  are  separated  into  various  grades.   Surface  character- 
istics are  of  great  importance  in  determining  the  grade  of  many  agri- 
cultural products.  It  is  important  that  grading  be  done  accurately  so 
that  returns  to  the  growers  and  handlers  of  the  products  will  not  be 
reduced.  In  many  packinghouses  grading  belts  do  not  present  the 
specimens  to  the  inspectors  60  that  the  entire  surface  will  come  into 
view  and,  as  a  result,  workers  either  must  rotate  specimens  on  the  belt 
or  pick  them  up  and  turn  them  to  make  the  necessary  inspection.  This 
practice  slows  down  inspection  rates  and  increases  labor  requirements. 

Since  rotation  of  the  product  as  it  passes  the  grader  improves  the 
probability  of  a  defect  being  observed,  the  problem  was  that  of  deter- 
mining what  combinations  of  speed  of  motion  past  the  inspector  (referred 
to  as  translation),  and  what  rotating  motion  as  it  passes  the  inspector, 
would  give  the  desired  inspection  efficiency  and  the  lowest  labor  re- 
quirements. Variables,  such  as  the  shape  of  specimens,  direction  of 
approach,  number  of  rows  presented  simultaneously,  rate  of  inspection, 
revolutions  per  foot  of  translation,  percentage,  and  location  of  defect, 
color  contrast  of  defect  with  that  of  specimen,  and  effects  of  the  use 
of  mirrors,  were  tested  under  laboratory  conditions. 

These  tests  were  conducted  on  a  specially  designed  grading  table 
which  permitted  a  wide  range  of  combinations  of  translational  and 
rotational  speeds  and  at  which  test  inspectors  could  be  stationed  so 
that  the  approach  of  specimens  either  was  from  the  side  or  direct.   In 
the  laboratory  tests,  wood  specimens  were  used.  These  were  painted 
either  yellow  or  orange  color.   "Defects"  were  spots  l/8  inch  in 
diameter  painted  on  the  surface  of  the  specimens. 

Laboratory  work  was  conducted  through  a  series  of  10  test  blocks 
(groups  of  tests).  Test  blocks  I  to  V,  inclusive,  which  were  run 
principally  with  cylinders,  served  to  corroborate  the  results  of 
earlier  work  and  provided  the  basis  for  designing  further  tests. 

Laboratory  tests  with  ellipsoids  showed  that:   (l)  When  four  rows 
of  specimens  were  presented  for  inspection  simultaneously,  optimum 
inspection  efficiency  occurred  when  the  specimens  were  rotated  3  revolu- 
tions per  foot  of  translation;  (2)  direct  approach  of  the  'specimens  to 
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the  inspector  is  preferable  to  the  side  approach;  (3)  an  inspection 
rate  of  3  minutes  per  1,000  specimens  resulted  in  greater  inspection 
efficiency  than  the  faster  rate  of  2  minutes  per  1,000  specimens; 
(k)   mirrors  were  of  no  advantage  in  detecting  total  defects  at  an 
inspection  rate  of  3  minutes  per  1,000  specimens;  (5)  when  using  a  side 
approach,  mirrors  were  helpful  in  detecting  end  defects  but  appeared  to 
hinder  detection  of  peripheral  defects;  (6)  when  using  direct  approach, 
mirrors  were  a  confusing  factor;  (7)  when  using  the  direct  approach, 
generally  k   or  5  rows  gave  optimum  inspection  efficiency,  the  tendency 
being  for  5  rows  to  be  more  efficient  at  the  faster  rates  of  inspection; 
(8)  when  using  side  approach,  mirrors  gave  a  slight  superiority  at  an 
inspection  rate  of  3.7  minutes  per  1,000  specimens;  (9)  side  approach 
was  superior  at  slower  speeds  of  inspection--3.7  minutes  or  more  per 
1,000  specimens—and  direct  approach  was  superior  for  faster  speeds- 
less  than  3.7  minutes  per  1,000  specimens;  (10)  generally  i+-row  presen- 
tation gave  slightly  better  inspection  efficiencies;  and  (11)  there  was 
little  difference  in  inspection  efficiency  when  specimens  were  rotated 
3  revolutions  or  h   revolutions  per  foot  of  translation. 

Laboratory  tests  with  spheroids  showed  that:   (l)  By  use  of  the 
direct  approach,  I.53  revolutions  per  foot  of  translation  gave  optimum 
efficiency  of  inspection  for  3~>   *+->  and  5-row  presentation  of  speci- 
mens, which  fact  indicates  that  different  principles  or  laws  apply  to 
spheroids  and  ellipsoids;  (2)  direct  approach  is  superior  to  side 
approach  in  all  cases;  (3)  for  direct  approach,  ^--row  presentation 
gave  optimum  inspection  efficiencies;  (h)   for  side  approach,  more  than 
4-row  presentation  appeared  to  give  higher  inspection  efficiencies,  and 
6-row  presentation,  side  approach,  might  have  equaled  direct  approach 
under  the  same  conditions  if  it  had  been  tested;  (5)  for  increased 
speeds  of  inspection,  optimum  inspection  efficiency  occurred  at  I.53 
revolutions  per  foot  of  translation;  (6)  when  two  types  of  defects  are 
present,  inspection  efficiency  is  lower  than  when  only  one  defect  is 
present;  (7)  yellow  defects  on  orange  surface  are  more  difficult  to 
observe  than  black  defects  on  orange  surface,  thus  indicating  that 
color  contrast  may  be  an  important  factor  in  visual  inspection  perform- 
ance standards;  (8)  with  side  approach,  optimum  inspection  efficiency 
was  obtained  by  use  of  a  diverter  but  this  efficiency  did  not  equal 
that  obtained  with  direct  approach;  and  (9)  difference  in  percentages 
of  defective  specimens  in  lot— 14  and  30  percent—had  no  significant 
effect  on  the  inspection  efficiency. 

In  applying  laboratory  data  to  the  grading  of  white  potatoes, 
lemons,  and  oranges,  it  was  found  that  labor  requirements  could  be 
reduced  by  use  of  the  test  table  and  applicable  test  conditions.   In 
grading  white  potatoes,  when  an  inspection  rate  of  3.0  minutes  per 
1,000  specimens  was  used  and  the  potatoes  were  rotated  at  a  rate  of 
3  revolutions  per  foot  of  translation  and  presented  in  three  rows,  the 
reduction  in  labor  requirements  on  the  house  grading  belt  was  about 
15  percent.  Reductions  in  labor  requirements  for  grading  lemons 


amounted  to  roughly  75  percent.  For  oranges,  about  67  percent  less 
labor  was  required  by  use  of  the  test  table  than  with  the  house  belt 
when  outgoing  qualities  were  matched. 

Although  the  grading  table  used  in  these  tests  was  not  designed  to 
be  incorporated  in  a  conventional  grading  line,  it  has  been  useful  in 
defining  the  limits  and  specifications  which  should  be  built  into 
similar  grading  equipment  to  obtain  optimum  inspection  efficiency  under 
given  conditions.  Suitable  tables  for  inclusion  in  regular  packing- 
house grading  operations  can  be  constructed  which  will  provide  the 
necessary  conditions  for  optimum  inspection  efficiency.   In  some 
instances,  tables  permitting  direct  approach,  a  change  from  the  tradi- 
tional layout  of  grading  tables,  may  be  required;  but  such  a  change 
appears  to  be  feasible  and  should  give  greater  flexibility  of  operation, 
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VISUAL  INSPECTION  OF  PRODUCTS  FOR  SURFACE 
CHARACTERISTICS  IN  GRADING  OPERATIONS 

By  Donald  G.  Malcolm,  assistant  professor 
of  industrial  engineering, 
and 
E.  Paul  DeGarmo,  professor  of  mechanical  engineering; 
University  of  California 


INTRODUCTION 

The  grading  or  inspecting  of  many  different  kinds  of  farm  and  food 
products  requires  much  labor.   Studies  conducted  in  California  pear  and 
apple  packinghouses  indicate  that  this  job  accounts  for  roughly  25  per- 
cent of  all  hourly  rate  labor  employed  and  15  percent  of  total  labor 
costs,  l/  Recent  and  proposed  improvements  in  packing  methods  in  the 
citrus  Industry  indicate  that  the  percentage  of  total  labor  used  for 
grading  will  become  considerably  greater  as  these  improvements  are 
adopted.  Similarly,  in  numerous  manufacturing  industries,  particularly 
those  associated  with  munitions,  visual  inspection  for  surface  defects 
is  an  important  and  time  consuming  task. 

Therefore,  visual  grading  is  an  area  in  which  important  potential 
savings  through  job  study  and  work  simplification  exist.  Grading  is 
a  combination  visual -manual  operation  in  which  defective  specimens  are 
removed  from  a  lot  of  products  and  the  rest  are  separated  into  various 
grades.   It  is  essential  that  this  job  be  carefully  performed  as  its 
accuracy  may  determine  whether  the  product  when  packed  meets  the 
standard  for  the  grade,  which  may  in  turn  affect  sales  and  profit  in 
a  competitive  market . 


Magnitude  of  the  Problem 

Usual  work  measurement  methods,  such  as  motion  and  time  study,  are 
of  questionable  value  in  determining  labor  requirements  for  grading  as 
the  operation  is  currently  performed.  There  are  two  major  reasons  why 
such  measurements  would  be  difficult.  First,  the  task  is  not  standard- 
ized; defective  specimens  usually  are  randomly  spaced  and  are  haphazardly 
presented  to  the  inspector's  visual  field.   Second,  and  perhaps  more 
important,  the  measurement  of  visual-reaction-decision  time  on  the  part 
of  an  inspector  would  be  difficult,  if  not  impossible,  by  the  method 
suggested  because  grading  involves  subjective,  internal  work  that  is 
not  observable  by  outward  physical  indicators.  Therefore,  individual 


1/  Bressler,  R.  G.,  and  French,  B.  C,  Grading  Costs  for  Apples  and 
Pears,  Mimeographed  Report  No.  128,  California  Agricultural  Experiment 
Station,  Giannini  Foundation  of  Agricultural  Economics.  June  1952. 


time  standards  for  grading  would  be  difficult  to  determine  because  the 
grading  job  itself  cannot  be  defined  in  terms  that  are  completely 
observable  and  hence  measurable  in  units  of  time.   It  is  possible, 
however,  to  observe  quantitatively  that  the  method  by  which  fruit  is 
currently  presented  to  the  grader  does  not  give  the  grader  the  best 
possible  chance  to  observe  defective  fruit.   As  an  illustration,  in 
most  packinghouses  fruit  is  merely  passed  in  front  of  the  grader  on  a 
conveyor  belt  with  little  or  no  rotating  motion.  Figure  1  shows  a 
typical  fruit  grading  table  in  a  California  citrus  packinghouse. 
Obviously  the  job  of  inspecting,  removing  defectives,  and  sorting  the 
remainder  into  uniform  grades  could  be  done  more  efficiently  if  the 
fruit  were  rotated  as  it  moves  in  front  of  the  inspector  or  grader,  so 
that  the  entire  surface  would  come  into  view  without  the  necessity  of 
picking  up  individual  fruits  for  examination.  The  question  that 
follows  is:   At  what  speed  of  motion  past  the  inspector  and  with  what 
kind  of  rotating  motion  would  the  job  of  inspecting  and  sorting 
various  types  of  products  be  most  efficiently  performed? 


Figure  1.--A   typical  fruit  grading  belt   in  a  California  citrus  packing  plant. 
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Historical  Development 

Research  in  this  field  "began  in  the  work  of  two  graduate 
students  2/  in  industrial  engineering  at  the  University  of  California 
who  sought  to  determine  the  optimum  speeds  of  translation  and  rotation 
of  cylindrical  objects  for  visual  inspection.  3/  These  original  studies 
had  in  mind  the  industrial  as  well  as  agricultural  application  of  the 
results.   Although  the  results  of  these  investigations  indicated  that 
these  speeds  could  be  determined,  more  complete  quantification  of  the 
many  variables  involved  would  require  an  immense  amount  of  laboratory 
and  field  testing. 

Results  of  this  research  were  presented  to  a  meeting  of  the 
American  Society  of  Mechanical  Engineers  in  1951*  They  served  as  a 
means  of  describing  the  magnitude  of  the  job  of  completely  defining 
visual  inspection  work  methods  and  as  a  medium  for  demonstrating  that 
inspection  efficiencies  can  be  substantially  increased  by  the  optimum 
combinations  of  translation  and  rotation  speeds  of  the  objects  being 
inspected,  kj 

Because  costs  of  grading  or  sorting  account  for  a  relatively  large 
part  of  the  total  costs  of  marketing  fruits,  vegetables,  and  some 
other  products,  and  since  the  results  of  earlier  studies  demonstrated 
the  possibilities  for  improving  methods  used  for  performing  grading 
operations,  additional  research  was  undertaken  in  October  1951  to: 
(1)  Determine  the  optimum  speeds  of  translation  and  rotation  of  prod- 
ucts of  various  shapes,  sizes,  and  colors  contrasting  with  the  colors 
of  the  defects,  types  of  defects  and  number  of  defects;  (2)  determine 
the  comparative  efficiency  of  single -row  and  multiple -row  arrangements 
for  the  translation  and  rotation  of  products;  and  (3)  determine  the 
proper  direction  of  approach  of  products  to  the  inspector,  in  order  to 
obtain  the  desired  qualities  of  the  products  with  minimum  labor 
requirements. 

Tests  conducted  under  this  project  were  of  two  kinds:   Laboratory 
tests  with  model  fruit,  and  packinghouse  tests  with  three  selected 
products.   Packinghouse  tests  were  made  to  check  the  validity  of  lab- 
oratory data  under  actual  operating  conditions.  This  field  work  served 
as  a  gross  test  of  the  laboratory  results  and  as  a  means  of  indicating 
the  magnitude  of  possible  labor  savings. 


2/  DeHart,  Aria  L.,  Inspection  of  Cylindrical  Surfaces  in  Combined 
Translation  and  Rotation,  Unpublished  Masters  thesis,  University  of 
California,  July  1950.  Rossi,  Alexander,  Some  Effects  of  Direction, 
Speed  and  Size  in  the  Visual  Inspection  of  Cylindrical  Surfaces.  Unpub- 
lished Masters  thesis,  University  of  California,  September  1951- 

3/  As  used  in  this  report,  "translation"  is  the  movement  past  the 
inspector  of  a  product  on  a  grading  table  or  belt. 

h/  DeGarmo,  E.  P.,  Keachie,  E.  C,  and  DeHart,  A.  L.,  Optimum 
Speeds  of  Translation  and  Rotation  for  the  Visual  Inspection  of  Cylin- 
drical Surfaces.   Paper,  51-S-19,  American  Society  of  Mechanical 
Engineers,  April  1951 • 


Earlier  Studies 

Before  laboratory  tests  were  begun,  a  thorough  review  was  made  of 
earlier  studies.  These  studies  in  general  defined  the  variables  in- 
volved and  over-all  boundaries  of  the  problem.  DeHart's  study  indicated 
that  the  rotation  of  specimens  improved  inspection  efficiencies  signif- 
icantly (fig.  2).   It  also  was  found  that  inspectors  preferred  to  have 
specimens  move  from  right  to  left  rather  than  from  left  to  right  when 
inspecting  from  the  side  position.   Another  finding  was  that  by  pre- 
senting the  specimens  so  that  translation  was  from  right  to  left,  with 
the  rotation  motion  in  a  clockwise  direction  (referred  to  as  rotation 
in  the  reverse  direction  of  translation),  a  condition  of  nausea  was 
caused  in  the  test  operator.  This  phenomenon  occurred  at  only  a  narrow 
range  of  combinations  of  translation  and  rotation  speeds,  and  was 
similar  to  a  feeling  of  seasickness.  5/  This  nausea  probably  is  the 
equivalent  of  "belt  sickness"  referred  to  in  packinghouses  since  the 
critical  combinations  were  close  to  those  used  in  many  packinghouses. 

Rossi's  work  indicated  that  efficiencies  improved  as  the  number 
of  rows  of  specimens  increased  up  to  four  rows .  Although  it  has  been 
found  since  Rossi's  studies  were  made  that  some  farm  products  are  most 
effectively  inspected  when  translated  in  five  and  even  six  rows,  his 
results  revealed  a  significant  fact  about  the  best  manner  in  which  the 
eyes  should  search  or  inspect.   Apparently  the  eyes  are  used  most 
effectively  when  searching  over  a  square  or  circular  area  rather  than 
along  a  relatively  narrow  line,  as  in  the  case  of  a  single  row  of 
specimens.   In  essence,  Rossi  defined  a  small  part  of  the  effective 
searching  area  when  he  plotted  "Inspection  Efficiency  vs.  Revolutions 
per  Foot"  for  inspection  of  specimens  presented  in  single  row,  as 
illustrated  in  figure  3. 

As  seen  from  this  graph  the  specimen  must  turn,  at  the  minimum, 
3/1+  of  a  revolution  per  lineal  foot  of  travel  in  order  to  maximize  the 
inspection  efficiency.  Then  reasoning  that  at  least  3/4  of  a  revolu- 
tion is  required  to  make  visible  the  entire  surface,  and  hence  maximize 
the  chances  of  observing  all  defects,  it  follows  logically  that  the 
optimum  area  for  single  row  inspection  has  been  defined  as  being 
approximately  1  foot  in  length.   It  also  should  be  pointed  out  that 
the  different  diameters  of  specimens  tested  appear  to  follow  about  the 
same  curve,  which  indicates  that  the  variable--diameter--is  adequately 
considered  when  the  optimum  revolutions  per  foot  of  the  specimen  are 
maintained.   (This  theory  is  further  corroborated  by  figure  5  and  the 
discussion  that  f ollows . ) 

5/  The  worst  combination  of  speeds  and  rotations  which  produced 
nausea  was  at  125  feet  per  minute  translation  and  1+0  revolutions  per 
minute.  The  exact  range  over  which  nausea  occurred  was  not  determined. 
However,  it  was  never  experienced  at  rotational  speeds  above  60  r.p.m. 
Speeds  below  h-0   r.p.m.  also  were  not  desirable  but  the  exact  minimum 
was  not  determined. 
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Figure  3.~Inspection  efficiency  as   a  function  of  revolutions  per  foot  for   inspection 
of  specimens  presented  in  a  single  row. 


Rossi  also  tested  the  effect  of  varying  the  percentage  of  defectives 
in  the  lot  upon  the  inspection  efficiency  obtainable.  The  curves  in 
figure  k   indicate  that  the  efficiency  of  removal  of  defectives  is  rela- 
tively unaffected  by  the  percentage  of  defectives  over  a  range  of  10  to 
30  percent .  6/  It  should  be  pointed  out  that  even  with  equivalent 
efficiencies  of  removal,  poorer  outgoing  qualities  will  result  for  the 
larger  percentages  of  defectives  since  the  latter  statistic  is  neces- 
sarily computed  by  using  a  smaller  denominator  as  evidenced  by  the 
formula  O.Q.  =  L  (l-Df)  where  L  =  lot  size,  Df  -  percent  defective  in 

L-Nr 
lot  and  Nr  =  number  removed  as  defective . 

Other  results  of  Rossi's  indicate  that  inspection  efficiency  for 
single  row  presentation  is  not  significantly  related  to  the  vector 
addition  of  the  translational  and  rotational  components  of  the  motion 
until  extremely  high  combined  surface  speeds  are  reached.  The  con- 
clusion reached  from  analysis  of  these  data,  which  are  depicted  in 
figure  5,  was  that  blurring  of  the  defects  on  the  specimen  is  not  a 
problem',  especially  with  multiple  row  presentation  when  specimens  may 
be  translated  at  much  lower  speeds  for  equivalent  inspection  times. 

A  second  conclusion  reached  is  that  the  diameter  of  the  specimen 
has  little  significant  effect  on  inspection  efficiency  at  combined 
surface  speeds  below  130  feet  per  minute .   Since  maximum  surface  speeds 
subsequently  encountered  in  the  multiple  row  tests  of  this  study,  even 
with  inspection  rates  as  fa6t  as  2.0  minutes  per  1,000  specimens,  were 
well  below  130  feet  per  minute,  it  may  be  safely  argued  that  the  magni- 
tude of  the  diameter  of  the  specimen  has  little  effect  upon  inspection 
efficiency. 

In  summing  up  the  work  of  DeHart  and  Rossi,  and  a  part  of  the 
early  work  under  this  project,  the  following  conclusions  are  reached: 
Efficiency  of  visual  inspection  logically  appears  to  be  dependent  upon 
a  host  of  factors,  such  as  direction  of  approach,  number  of  rows,  type 
and  location  of  defect,  shape  of  specimen,  time  or  rate  of  inspection, 
speed  of  translation,  speed  of  rotation,  color  of  specimen,  percentage 
of  defects,  contrast  between  defect  and  background,  lighting  conditions, 
and  use  of  mirrors .  Many  of  these  factors  are  interrelated  and  some 
may  be  expressed  in  units  which  better  express  the  combined  effect  and 
reduce  the  number  of  variables  to  be  considered.  Early  in  the  course 
of  these  tests  it  was  found  that  the  only  satisfactory,  and  hence 
practically  significant,  comparison  between  tests  with  varying  condi- 
tions was  by  means  of  the  time  criterion.  The  time  to  inspect  1,000 
units  became  the  denominator  by  which  the  effect  of  varying  the  number 


6/  These  results  were  obtained  with  2-inch  diameter  specimens  by 
using  a  forward  rotation  01  80  r.p.m.  Tests  made  with  l-3/8-inch  and 
3/U-inch  diameter  specimens  gave  substantially  the  same  results. 


> 

> 

o 

o 

^ 

2 

III 

UJ 

or 

O 

Ul 

U. 

> 

U. 

UJ 

i- 

o 

2 

LU 

O 

U. 

UJ 
Q 

a. 
if) 

U_ 

o 

z 

1- 

z 

UJ 

o 

a: 

Ul 

a. 

uj    100 


95 


90 


85 


80 


2  IN.  DIAMETER   SPECIMENS 
80  RPM   FORWARD   ROTATION 


70  80  90  100         110  120 

TRANSLATIONAL    SPEED    -   FPM 

Figure  h. --Inspection  efficiencies  for  variable  proportions  of  defectives. 


of  rows  could  "be  evaluated.   It  also  became  apparent  that  treatment 
of  rotation  and  translation  as  unrelated  variables  lacked  meaning. 
The  efficiency  of  the  eyes  in  inspecting  was  dependent  upon  seeing  a 
satisfactory  number  of  revolutions  of  the  specimens  within  a  minimum, 
or  at  least  specific,  cone  of  vision.   This  cone  defined  an  area, 
hence  a  length  of  the  belt,  which  indicated  that  the  units  "revolutions 
per  foot"  better  described  the  variations  encountered  in  efficiencies 
than  did  either  translations!  or  rotational  speeds  alone. 

Thus,  much  of  the  early  work  was  quite  important  in  defining  the 
units  by  which  tests  of  widely  varying  conditions  might  best  be  evalu- 
ated and  compared,  as  well  as  determining  the  boundary  conditions  and 
effects  of  the  important  variables. 
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LABORATORY  TESTS 

Laboratory  tests  were  made,  "by  using  wood  objects  to  simulate  fruit, 
to  determine  the  conditions  of  translational  and  rotational  speeds, 
direction  of  approach,  number  of  rows,  and  certain  other  factors,  which 
would  give  optimum  inspection  efficiency  and  minimum  inspection  time 
for  grading  fruit  for  visible  surface  defects.  The  results  of  these 
tests  were  then  applied  to  actual  grading  and  sorting  operations  in 
potato,  lemon,  and  orange  packinghouses. 


Equipment  Used  in  Tests 

The  equipment  used  in  conducting  the  laboratory  tests  was  designed 
so  as  to  produce  a  wide  range  of  combinations  of  translational  and 
rotational  speeds.   It  consisted  of  a  conveyor  belt,  20  inches  wide, 
driven  by  a  motor  and  variable -speed-gear  drive,  and  a  series  of  5- inch 
diameter  aluminum  rollers  spaced  k   inches  apart  which  were  mounted  be- 
tween two  endless  chain  conveyors  approximately  1^  inches  above  the 
conveyor  belt  surface  and  which  also  were  driven  by  a  motor  and  variable - 
speed-gear  drive  (fig.  6).  As  can  be  seen  in  figure  7,  the  two  drives 
may  be  independently  set,  which  permits  any  combination  of  translation 
and  rotation  within  the  capacity  of  the  system.  The  table  was  36  inches 
high,  which  permitted  an  operator  to  work  either  in  a  standing  or  sitting 
position.  The  speed  at  which  the  rods  were  set  determined  the  transla- 
tional speed  and  hence  the  time  to  inspect  a  given  number  of  specimens. 
The  belt  speed,  which  could  be  set  in  all  variations  of  forward  and 
reverse  motion,  determined  the  rotational  speed  and  hence  the  revolutions 
per  foot  of  the  specimens  for  a  given  rod  setting.   Any  desired  belt 
speed  could  be  determined  by  the  following  formulas: 

vb  =  vr  -JLl  RPM 

12 
Vb  =  Vr  (1  -  jrrd  RPF) 
12 
(Where  V-^,  «  velocity  of  the  belt  in  feet  per  minute, 
Vr  =  velocity  of  rods  in  feet  per  minute,  and  d  -  diameter 
of  specimen  in  inches) 

A  feeding  mechanism,  which  is  not  shown  in  figures  6  and  7 >  vas  designed 
which  automatically  dropped  the  specimens  between  each  successive  pair 
of  aluminum  rods  as  they  passed  by.  This  mechanism  was  adjustable  for 
the  desired  number  of  rows  being  tested.  Work  stations  were  set  up  at 
the  side  and  end  of  the  table  for  testing  "side"  and  "direct"  approach 
of  the  fruit. 

Each  inspection  position  (side  and  direct)  had  brackets  installed 
nearby  on  which  mirrors  could  be  installed  in  order  to  test  their 
effect  upon  inspection  efficiency.  Figure  8  shows  the  grading  table 
set  up  for  "direct"  approach  inspection  of  ellipsoids. 


11 


Figure  6. --Grading  table  set-up  for  test 
using  side  approach. 


Figure  7.-- Drive  mechanism  for  grading  table. 
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Figure  8.— The  grading  table  set-up  for   test  by  use  of  direct  approach. 


Specimens  Used  in  Laboratory  Tests 


Wood  specimens  were  used  in  laboratory  tests  "because  of  the 
necessity  for  having  identical  samples  with  which  more  valid  results 
could  be  obtained  with  less  testing  time.  Moreover,  ungraded  fruit 
was  not  readily  available  nearby  and,  even  if  available,  could  not 
have  been  rehandled  enough  times  to  justify  the  added  cost.  Test 
specimens  used  in  the  laboratory  were  cylinders,  ellipsoids,  and 
spheroids.  The  cylinders  and  ellipsoids,  which  simulated  lemons, 
were  painted  yellow  and  the  spheroids,  which  simulated  oranges,  were 
painted  an  orange  color.  The  "defects"  were  l/8  inch  diameter  black 
spots  painted  on  the  surface  of  the  specimens,  jj   One  spot  was 


7/  Both  yellow  and  black  spots  were  used  in  tests  for  multiple 
defects  with  spheroids. 
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randomly  placed  upon  the  cylindrical  portion  of  each  defective  cylinder 
or  somewhere  on  the  surface  of  a  defective  spheroid.   In  general,  30  per 
cent  of  the  lot  had  these  black  spots  painted  as  indicated,  which  made 
the  particular  specimen  a  "defective."  Specifications  of  the  various 
specimens  are  shown  in  table  1. 

Table  1. --Specif ications  of  wood  specimens  used  in  laboratory  tests 
Specimen  :  Dimensions 


Cylinders  :  2  inch  diameter- -2^  inches  long 

Ellipsoids:  2  inch  minor  diameter— 2^  inches  major  diameter 

Spheroids  :  2.\   inch  diameter 


Color 


Yellow 
Yellow 
Orange 


Test  Room  Conditions 

Laboratory  tests  were  performed  in  a  test  room  where  the  following 
conditions  were  maintained: 

1.  Light—fluorescent  lighting  which  provided  l^-foot  candles  at 
the  surface  of  the  belt. 

2.  Ventilation- -the  room  was  adequately  ventilated  at  all  times. 

3.  Heat --the  room  temperature  varied  between  68  and  75  F. 

k       General- -the  room  was  closed  to  visitors  and  the  apparatus  was 
enclosed  by  a  screen  to  minimize  disturbing  influences. 

Inspectors 

Six  operators,  or  inspectors,  were  used  in  conducting  the  tests. 
All  were  male  university  students  possessing  the  following  physical 
attributes: 

1.  Age— 19-21+  years. 

2.  Manual  dexterity-all  operators  were  free  of  physical  defects 
and  demonstrated  normal  dexterity  and  coordination. 

3.  Color  perception- -all  satisfactory. 

k.     Visual  acuity— all  operators  were  examined  and  possessed 
minimum  corrected  vision  of  20/20  in  each  eye. 

5   Motivation-operators  were  compensated  for  their  time  spent. 
To  keep  motivation  high,  so  that  it  might  be  considered  more 
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nearly  constant,  a  prize  was  offered  for  best  performances. 
A  friendly  spirit  of  competition  was  thus  maintained. 


Variables  Tested 

The  tests  were  designed  to  yield  the  maximum  information  upon  the 
effect  of  the  following  variables  upon  inspection  efficiency. 

1.  Shape  of  specimens 

a.  Cylinders 

b.  Ellipsoids 

c .  Spheroids 

2.  Direction  of  approach  to  inspector 

a.  Side 

b.  Direct 

3.  Number  of  rows  translated 
One  to  four 

k.     Time  to  inspect  specimens 

2.0  minutes  per  1,000  to  8.3  minutes  per  1,000  specimens 

5.  Revolutions  per  foot 
One  to  four 

6.  Percentage  of  defectives 
1^4-  percent  and  30  percent 

7.  Location  of  defect 

a.  Random  with  spheroids  and  cylinders 

b.  Ellipsoids --combinations  of  the  following  locations 

(1)  Minor  diameter 

(2)  End 

(3)  Halfway  between  end  and  minor  diameter 

8.  Color  contrast  of  defect  with  that  of  specimen 

a.  Yellow  and  black  spots  on  spheroids  of  orange  color 

b.  Black  spot  on  cylinders  and  ellipsoids  of  yellow  color 

9>     Use  of  mirrors  to  improve  inspection  efficiency 
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Experimental  Method 

Laboratory  tests  were  conducted  in  the  form  of  10  chronological 
blocks  of  tests.  Each  block  of  tests  included  the  interaction  and 
effect  of  part  of  the  variables  listed  above.  Three  operators  were 
used  as  test  subjects  during  each  block  of  tests,  the  variables  of  the 
test  being  presented  in  random  order  to  each  operator  so  as  to  factor 
out  any  effect  of  learning  within  a  given  test  block.  When  plotted, 
information  from  a  test  block  aided  in  defining  the  range  of  variables 
to  be  used  in  subsequent  test  blocks,  which  permitted  greater  selectivity 
and  economy  in  testing.  Table  2  gives  a" brief  summary  of  variables  in 
each  of  the  blocks. 

Each  operator  was  given  training  runs  until  his  learning  curve 
leveled  off,  thus  indicating  that  training  had  been  effected.  A  table 
of  random  numbers  was  used  to  determine  the  order  of  presentation  of 
the  test  within  a  block  to  the  operators,  each  individual  operator 
commencing  at  a  different  number  in  the  sequence  selected.  Thus,  it 
may  be  assumed  that  any  effect  of  further  learning  during  each  individual 
block  of  tests  was  eliminated. 

Each  operator  was  instructed  to  search  the  area  nearest  him  and  not 
to  chase  after  defective  specimens  to  the  extent  of  habitually  becoming 
involved  in  working  an  area  out  of  the  normal  area  in  front  of  his  body. 
Because  of  the  capacity  of  the  loading  device,  the  number  of  specimens 
available,  and  the  problem  of  counting  defects  removed  for  efficiency 
computations;  test  runs  consisted  of  333  or  33^  specimens  per  run.  The 
procedure  investing  1,000  specimens  involved  making  two  runs  of  333 
specimens  each,  and  one  of  33^  specimens.  These  runs  were  made  as  close 
together  as  possible.  Operators  worked  l^r  to  2  hours  consecutively, 
with  short  rest  periods  between  runs  when  new  belt  and  rod  settings 
were  made.  Since  schedules  were  arranged  so  that  all  operators  worked 
approximately  the  same  amount  of  time  on  any  one  day  and  since  the  tests 
were  randomly  presented  as  previously  outlined,  it  can  be  assumed  that 
the  influence  of  fatigue  was  stabilized  as  a  factor  in  the  results 
obtained. 

Formulas  Used 

Inspection  efficiency  =  Nr 

Df  .L 
Outgoing  quality,  O.Q.  =  L  (1  -  Df) 

l-tn; 

(Where  Df  =  percent  defective,  L  =  lot  size  (1,000), 
Nr  -  number  removed  as  defective) 


16  - 


h 

i 

Random  defects  on  cylinders,  4-inch  or 
8-inch  cylinder  spacings  to  give  desired 
inspection  time 

Random  defects  on  cylinders,  4-inch  or 
8-inch  cylinder  spacings  to  give  desired 
inspection  time 

Same  as  in  test  block  I 

Same  as  in  te3t  block  I 

Same  as  test  block  I  for  cylinders; 
ellipsoids  with  peripheral  defects, 
1/3  of  defects  at  center  (minor) 
diameter,  2/3  of  defects  halfway  between 
center  (minor)  diameter  and  end 

Same  as  in  test  block  IV 

Defects  same  as  for  ellipsoids  in  test 
block  IV 

Ten  percent  end  defects,  20  percent 
peripheral  defects  located  as  on  ellips- 
oids in  test  block  IV 

Separate  tests  had  directs  located  either 
as  in  test  block  VII  or  as  ellipsoids  in 
test  block  IV 

Random  black  defects 

"Control"  tests  with  black  defects  as  in 
test  block  IX.  Other  tests  with  16  per- 
cent of  specimens  having  yellow  defects 
and  14  percent  black  defects.  Tests  were 
run  with  and  without  dlverter 
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Results  of  Laboratory  Tests 

Complete  results  of  the  laboratory  tests  are  shown  in  tabular  form 
in  the  Appendix.   Significant  results  from  each  test  block  are  shown  in 
graphs  in  the  sections  that  immediately  follow. 

As  previously  mentioned,  laboratory  tests  were  conducted  in  the 
form  of  a  series  of  chronological  "test  blocks,"  which  was  necessary 
because  of  many  variables  to  be  tested  and  because  the  range  of  the 
effect  of  each  variable  could  not  be  determined  in  advance .  To  have 
designed  one  very  large  test  block  which  would  have  completely  tested 
all  variables  would  have  required  an  immense  amount  of  testing  or  would 
have  given  information  of  too  general  a  nature  concerning  the  effect  of 
the  variables  involved.  Therefore,  it  was  thought  most  feasible  to 
proceed  in  a  series  of  blocks  which,  in  many  cases,  would  better  define 
subsequent  tests.  This  hypothesis  wa6  particularly  true  of  the  early 
testing. 

Each  of  these  blocks  tested  the  effect  of  several  variables. 
However,  with  the  exception  of  test  blocks  IV  and  V,  only  one  shape  of 
specimen  was  tested  in  any  one  block.  Test  block  IV,  which  was  a  very 
short  run,  explored  the  effect  of  changing  from  cylinders  to  ellipsoids. 
The  variables  within  the  block  were  tested  in  random  order  by  each 
operator  so  as  to  eliminate  any  bias  that  might  have  been  caused  by  a 
definite  sequence  on  the  learning  effect  of  operators .  Each  point 
plotted  in  the  inspection  efficiency  curves  in  the  graphs  shown  is  the 
arithmetic  average  of  the  results  obtained  by  three  operators  and 
represents  the  inspection  of  a  minimum  of  3,000  specimens. 


Test  Blocks  I  -  V,  Inclusive 
Test  blocks  I  -  V,  inclusive,  served  the  following  purposes: 

1.  Blocks  I  -  III,  inclusive,  in  which  cylindrical -shaped 
specimens  were  tested,  corroborated  results  of  earlier  tests 
performed  by  Rossi  and  DeHart,  indicating  in  general  that  the 
use  of  three  operators  gave  meaningful  differences  between 
testing  conditions  and  that  the  operators  used  in  these  tests 
were  of  equivalent  aptitude. 

2.  Blocks  IV  and  V  were  exploratory  tests  defining  the  test 
conditions  for  ellipsoids. 

3.  From  these  blocks  it  wa6  learned  that  test  results  could  be 
more  aptly  expressed  and  compared  in  terms  of  "revolutions  per 
foot"  and  "time  to  inspect  1,000  specimens"  than  "revolutions 
per  minute"  and  "feet  per  minute"  which  formerly  had  been  used, 
Consequently,  the  results  in  these  blocks  do  not  cover  adequate 
ranges  of  these  newer  units. 
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Results  of  these  tests,  which  comprised  less  than  one -fifth  of  the 
total  laboratory  work,  are  shown  in  the  Appendix. 


Test  Block  VI 

Block  VI  tested  the  effect  on  inspection  efficiency  of  various  rates 
of  rotation  of  specimens  per  foot  of  translation  (revolutions  per  foot). 
The  tests  were  made  with  ellipsoids  presented  in  k   rows  simultaneously. 
Specimens  in  each  of  the  k   rows  were  spaced  at  4-inch  intervals.  Other 
variables  tested  were:   (l)  The  side  and  direct  approaches  of  specimens 
to  the  inspector,  and  (2)  two  different  rates  of  flow  (translation) -- 
3  minutes  and  2  minutes  per  1,000  specimens. 

The  results  of  test  "block  VI  are  shown  in  figure  9.  This  graph 
shows  that  maximum  inspection  efficiency  was  obtained  when  the  h   rows 
of  specimens  were  rotated  at  a  rate  of  3  revolutions  per  foot  of  trans- 
lation which  indicates  that  the  optimum  number  of  revolutions  per  foot 
is  dependent  upon  the  number  of  rows.  As  shown  in  figure  3,  with  one 
row  translation  of  specimens  it  was  found  that  optimum  inspection  effi- 
ciency occurred  at  3/4  of  a  revolution  per  foot .   It  seems  to  be  implied 
from  these  results  that  optimum  inspection  efficiency  may  be  obtained  by 
rotating  the  specimens  3/k   of  a  revolution  per  foot  of  translation  for 
each  row  of  specimens  being  inspected.  For  example,  in  applying  this 
reasoning  to  inspecting  objects  in  two  rows  each  specimen  would  need  to 
be  rotated  l|-  revolutions  per  foot  of  translation.  These  results  define 
the  optimum  relationship  between  translation  and  rotation  for  ellipsoids. 

Figure  9  also  shows  that  better  inspection  results  are  obtained  when 
the  specimens  directly  approach  the  operator  than  when  the  side  inspec- 
tion method  is  used.  These  results  were  tested  statistically  and  found 
to  differ  significantly.  Since  the  specimens  contained  10  percent  end 
defects  it  was  thought  that  the  direct  approach  to  the  inspector  was 
superior  to  the  side  approach  because  of  what  might  have  been  the 
greater  ease  of  seeing  the  end  defects,  which  might  appear  on  either 
end  of  the  specimen. 


Test  Block  VII 

Test  block  VII  was  run  to  evaluate  the  gross  effect  of  using  a 
mirror  to  make  the  opposite  ends  of  specimens  visible  to  the  inspector 
during  side  approach.  Two  mirrors  were  placed  on  the  table,  one  at 
each  side  of  the  belt,  during  one  half  of  the  tests  made  with  direct 
approach.  Specimens  were  presented  in  four  rows  in  all  test  runs. 
Figure  10  shows  the  results  of  these  tests.   Analysis  of  this  graph 
indicates  the  following: 

1.  At  inspection  rates  of  3  minutes  per  1,000  specimens,  mirrors 
are  of  no  advantage.  Their  use  resulted  in  lj  to  2  percent 
lower  inspection  efficiencies. 
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30%    DEFECTS: 
10%    ON    MINOR   DIA. 
20%    HALFWAY   BETWEEN   MINOR  DIA.  AND    ENDS 


DIRECT     APPROACH 

SIDE     APPROACH 


REVOLUTIONS  PER   FOOT 

Figure  9. --Inspection  efficiencies  obtained  for  different  revolutions  per  foot  when 
inspecting  1,000  ellipsoids  in   2  and  3  minutes   in  four  rows,    side  and  direct 
approach- -test  block  VI. 
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Figure  10. --Inspection  efficiencies  obtained  for  different  revolutions  per  foot  when 
inspecting  1,000  ellipsoids  with  end  and  peripheral  defects  in  2  and  3  minutes,  in 
four  rows,    side  and  direct  approach  with  and  withtout  mirrors--test  block  VII. 
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2.  Direct  approach  is  1  to  2  percent  more  efficient  at  an 
inspection  rate  of  3  minutes  per  1,000  specimens  than  the  side 
approach,  and  from  k   to  10  percent  more  efficient  at  an  inspec- 
tion rate  of  2  minutes  per  1,000  specimens,  indicating  a  greater 
advantage  of  direct  approach  at  faster  flow  (translational) 
rates . 

3.  Corroborates  previous  findings  that  3/I4-  of  a  revolution  per 
foot  per  row  is  the  optimum  rotational  speed  for  U-row  side 
inspection,  at  an  inspection  rate  of  3  minutes  per  1,000 
specimens. 

k.     With  the  direct  approach  at  the  higher  inspection  rate  of 

2  minutes  per  1,000  specimens,  more  than  3/K   of  a  revolution 
per  foot  per  row  is  necessary  to  give  optimum  inspection 
efficiency. 


Test  Block  VIII 

Test  "block  VIII  was  the  largest  of  the  laboratory  tests,  requiring 
150  test  hours  or  one -fourth  of  all  laboratory  work.   It  involved  a 
systematic  study  of  all  variable  factors  affecting  inspection  efficiency 
during  one  test,  their  important  ranges  of  variation  having  been  dis- 
covered from  the  preceding  tests.   A  procedure  for  counting  end  defects 
separate  from  peripheral  defects  was  established  to  study  more  adequately 
the  use  of  mirrors.  The  following  variable  factors,  with  their  range  of 
variation,  were  studied: 

Variable  factors  Number  and  descriptions  of  variations 

Approach  2--side  and  direct 

Use  of  mirrors  2 --with  mirrors  and  without  mirrors 

Revolutions  per  foot        2- -3  and  k 

Number  of  rows  3"3>  ^>  and  5 

Inspection  rate  2--3-7  minutes  per  1,000  specimens 

and  3.0  minutes  per  1,000  specimens 

Thus,  kQ   different  individual  test  conditions  were  presented  to  each 
test  inspector  in  random  order  so  as  to  eliminate  bias.  Each  of  the 
three  operators  started  at  a  different  point  in  this  random  order. 
Specimens  used  in  these  tests  were  ellipsoids  of  2-inch  minor  diameter 
and  2^-inch  major  diameter.  They  were  painted  yellow.  A  l/8-inch 
diameter  black  spot  was  painted  on  30  percent  of  the  test  specimens 
to  represent  defects.  These  "defects"  were  located  as  follows: 

1.  On  end- -10  percent 
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2.  On  periphery--20  percent  (13 . 3  percent  halfway  between  minor 
diameter  and  end,  and  6.7  percent  on  minor  diameter) 

Figures  11  and  12  show,  respectively,  the  effect  of  using  mirrors  on 
the  ability  of  the  inspector  to  remove  end  defects  for  side  and  direct 
approaches.  It  should  be  noted  that  the  unit  for  the  horizontal  axis 
in  these  figures  is  number  of  rows  instead  of  revolutions  per  foot  as 
used  in  preceding  figures.  Analysis  of  figure  11  discloses  that: 

1.  The  use  of  mirrors  for  the  side  approach  increased  considerably 
the  efficiency  with  which  end  defects  were  removed. 

2.  Mirrors  possibly  are  a  negative  quantity  in  the  efficiency  with 
which  peripheral  defects  are  removed.  These  defects  seem  to  be 
observed  better  without  mirrors  than  end  defects  are  observed 
even  with  the  aid  of  the  mirrors. 

3.  In  general,  the  inspection  of  k   rows  of  specimens  gave  optimum 
inspection  efficiency. 

k.     There  is  a  tendency  for  mirrors  to  be  a  confusing  influence 
when  the  faster  inspection  rates  are  used. 

5.  Three  revolutions  of  specimens  per  foot  of  translation  gave 
optimum  inspection  efficiency  for  k- row  presentation,  and  k 
revolutions  per  foot  for  5  rows,  again  corroborating  a  figure 
of  approximately  3/4  of  a  revolution  per  foot  per  row  as  the 
optimum  rate  of  rotation  for  ellipsoids  inspected  from  the 
side. 

Figure  12  shows  that : 

1.  The  use  of  mirrors  undoubtedly  was  a  confusing  factor  in 
inspection  when  a  direct  approach  of  specimens  toward  the 
inspector  is  used. 

2.  Generally,  the  presentation  of  k  or  5  rows  of  specimens  gave 
optimum  inspection  efficiency,  the  tendency  being  for  5  rows 
to  be  more  efficient  at  the  faster  rates  of  inspection. 

3.  There  was  no  significant  difference  between  efficiencies  of 
inspection  at  3  and  h   revolutions  of  the  specimen  per  foot  of 
translation. 

To  compare  adequately  the  best  conditions  for  removal  of  total 
defects  by  use  of  both  the  side  approach  and  the  direct  approach, 
these  conditions  have  been  plotted  in  figure  13.  The  best  condition 
when  using  the  side  approach  was  with  mirrors.  When  using  the  direct 
approach  the  best  condition  was  without  mirrors.  These  data  are  for 
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total  defects;  that  is,  for  both  end  and  peripheral  defects.  Analysis 
of  figure  13  indicates: 

1.  By  use  of  mirrors  the  side  approach  showed  a  slight  superiority 
at  an  inspection  rate  of  3.7  minutes  per  1,000  specimens  and  no 
apparent  difference  at  a  rate  of  3.0  minutes  per  1,000  specimens. 
There  is  no  disagreement  of  these  results  and  those  shown  in 
figure  10,  as  the  data  for  that  figure  were  for  faster  speeds  of 
inspection.  Figure  10  shows  that  there  was  only  a  slight  dif- 
ference between  the  side  approach  and  the  direct  approach  at  an 
inspection  rate  of  3.0  minutes  per  1,000  specimens  but  at  a 
rate  of  2.0  minutes  per  1,000  specimens  the  direct  approach  was 
superior. 

From  these  results  it  appears  that  the  side  approach  was 
superior  at  slower  speeds  of  inspection--3 .7  minutes  per  1,000 
specimens  or  slower--and  that  the  direct  approach  was  superior 
for  faster  speeds  (less  than  3.7  minutes  per  1,000  specimens). 

2.  Generally,  U-row  presentation  of  specimens  gave  slightly  better 
inspection  efficiencies. 

3.  There  was  little  difference  in  inspection  efficiency  when 
specimens  were  rotated  3  revolutions  per  foot  of  translation 
and  h   revolutions  per  foot. 


Test  Block  IX 

Spheroids  of  2^-inch  diameter,  painted  orange  color  to  simulate 
oranges,  were  run  as  specimens  in  this  block.  This  block  consisted  of 
120  hours  of  testing  and  accounted  for  approximately  one-fifth  of  all 
the  laboratory  work.  The  variables  tested  were: 

Variable  factors  Number  and  descriptions  of  variations 

Approach  to  inspector  2--side  and  direct 
Revolutions  per  foot  of 

translation  3--I.53,  3,  and  k 
Number  of  rows  of 

specimens  presented  3__3>  ^>    an(i  5 

Inspection  rates  2--3«7  minutes  per  1,000  specimens 

and  3.0  minutes  per  1,000  specimens 

Defective  specimens  in  lot  2--l^  percent  and  30  percent 

By  using  all  possible  combinations  of  variables,  there  was  a  total  of 
72  different  individual  test  conditions.  These  conditions  were  tested 
in  random  order  as  described  for  test  block  VIII. 
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Figure  Ik   shows  the  results  of  all  test 6  in  this  block  run  at  a 
rate  of  3.7  minutes  per  1,000  specimens.  Figure  15  shows  the  results 
of  all  tests  in  this  block  run  at  a  rate  of  3.0  minutes  per  1,000 
specimens.  Analysis  of  these  figures  reveals  that  the  percentage  of 
defective  specimens  in  the  lot--lU  percent  and  30  percent --had  no 
significant  effect  on  the  inspection  efficiency  achieved  by  the  operators, 
This  corroborates  the  exploratory  studies  of  Rossi  as  shown  in  figure  k. 

Since  it  was  apparent  that  there  was  no  significant  difference  between 
test  points  as  a  result  of  variations  in  the  percentages  of  defective 
specimens  used,  data  for  these  conditions  were  averaged  and  replotted  as 
shown  in  figures  16  and  17.  Analysis  of  these  graphs  shows  that: 

1.  The  direct  approach  was  definitely  superior  to  side  approach  in 
all  cases.   Inspection  efficiency  ranged  from  3  to  9  percent 
greater . 

2.  In  tests  with  the  direct  approach,  I.53  revolutions  per  foot  of 
translation  gave  the  optimum  efficiency  of  inspection  for 

3-,  k-,   and  5-row  presentation  of  specimens,  except  for  5-row 
presentation  at  3  revolutions  per  foot.  These  results  refute 
the  rule  postulated  for  ellipsoids,  which  was  that  optimum 
inspection  efficiencies  were  obtained  at  approximately  3/^  of  a 
revolution  per  foot  of  translation  per  row  of  specimens .  These 
results  also  indicate  that  different  principles  or  laws  apply 
to  ellipsoids  and  to  spheroids. 

3.  Four-row  presentation  of  specimens  gave  optimum  inspection 
efficiencies  for  the  direct  approach,  which  appears  logical 
when  it  is  realized  that  it  becomes  more  difficult  to  see 
"around"  the  specimen  as  the  number  of  rows  increases.  This 
inability  to  see  the  outer  surfaces  of  the  end  spheroids  per- 
mits a  greater  number  of  defective  specimens  to  roll  by 
undetected  as  the  number  of  rows  increases. 

k.      It  is  noted  that  a  reversal  of  curve  shapes  occurs  in  side 
approach  in  figure  17  from  that  shown  in  figure  16,  and  this 
fact  indicates  that  additional  rows  may  give  even  greater 
inspection  efficiencies.  Thus,  it  may  be  conjectured  that  if 
6-row  presentation  had  been  tested  the  side  approach  would  have 
equaled  the  inspection  efficiency  obtained  under  the  same 
conditions  for  direct  approach  of  the  specimens. 

5.  Figure  16  indicates  that  3  revolutions  of  specimens  per  foot 
of  translation  give  optimum  inspection  efficiencies  at  an 
inspection  rate  of  3-7  minutes  per  1,000  specimens  when  the 
side  approach  is  used.   As  the  speed  of  flow  was  increased  so 
that  the  rate  was  3.0  minutes  per  1,000  specimens  (fig.  17) > 
the  optimum  inspection  efficiency  occurred  at  1.53  revolutions 
per  foot . 
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6.   An  inspection  rate  of  3-7  minutes  per  1,000  specimens  gives 
greater  inspection  efficiency  in  all  cases  than  a  rate  of 
3.0  minutes  per  1,000  specimens. 


Test  Block  X 

This  block  explored  the  effect  of  using  mirrors  and  a  diverter  to 
cause  lateral  rolling  of  spheroids  towards  the  operator  for  the  side 
approach  condition  of  inspection.   Specimens  used  were  the  same  as 
those  used  in  test  block  IX--spheroids  of  2^-inch  diameter,  painted 
orange  color . 

In  these  tests  the  following  conditions  were  maintained  constant: 

Number  of  rows  of  specimens  presented  h 

Approach  to  inspector  Side 

Revolutions  per  foot  of  translation  3 

Inspection  rate  3.0  minutes  per 

1,000  specimens 

The  variable  conditions  were  as  follows : 

Variable  factors  Number  and  descriptions  of  variations 

Use  of  mirrors  2 --with  and  without  mirrors 

Use  of  diverter  2- -with  and  without  diverter 

Multiple  defects  2—1.   30  percent  of  specimens 

defective --all  defects  black-- 

control  group 
2.   30  percent  of  specimens 

defective--l6  percent  yellow  blemish 

and  1^  percent  black  defect 

The  results  of  these  runs  are  given  in  table  3.  They  may  be 
summarized  as  follows: 

1.  The  presence  of  multiple  defects  on  the  specimens  caused  a  drop 
in  average  inspection  efficiency  from  90*1  percent  to  86.7 
percent.  This  lower  efficiency  indicates  that  the  presence  of 
multiple  defects  causes  mental ( confusion  to  the  extent  of 
reducing  efficiency  by  3 A  percent. 

2.  Yellow  defects  on  an  orange  surface  are  more  difficult  to 
observe,  thus  resulting  in  a  further  loss  of  inspection  effi- 
ciency of  approximately  2  percent.   This  loss  indicates  that 
the  contrast  of  the  color  of  the  defect  with  the  color  of  the 
specimen  may  be  an  important  factor  in  visual  inspection 
performance  standards . 
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3.  Optimum  efficiency  was  obtained  when  the  test  conditions 

involved  the  use  of  a  diverter  without  the  use  of  mirrors.  The 
diverter  caused  the  specimens  to  roll  perpendicularly  to  their 
forward  motion  at  a  rate  of  1  foot  laterally  to  5  feet  forward. 
Since  lower  inspection  efficiency  was  obtained  with  a  second 
combination  in  which  mirrors  were  used  with  the  diverter,  it 
can  be  concluded  that  mirrors  are  of  little  value. 

k.     The  92.3  percent  inspection  efficiency  obtained  by  use  of  the 
diverter  (and  no  mirror),  when  compared  with  the  same  test  con- 
ditions in  test  block  IX  is  still  found  to  be  below  the  9*4-  percent 
obtained  by  using  the  direct  approach.   Indications  were  that  the 
diverter  would  be  of  little  value  for  direct  approach.   However, 
this  condition  was  not  tested. 

Table  3 . --Inspection  efficiencies  obtained  for  2-§-inch  diameter  spheroids 
painted  orange  color,  having  specified  multiple  defects,  and 
presented  in  k   rows  at  an  inspection  rate  of  3  minutes  per  1,000 
specimens,  with  3  revolutions  per  foot  of  translation  and  side 
approach  to  inspector,  under  specified  test  conditions 


Variable  test 
conditions 

Inspection 

efficiency  when  30  percent  of  specimens 
in  lot  have  multiple  defects 

Mirror 

Diverter 

Of  30  percent  defective       : 
specimens,  defects  were:      : 

All  of  30  per- 
cent defective 

Yellow 
l6  percent 

:   Black 
:  Ik   percent 

:   Total   : 
:  30  percent: 

specimens  with 
black  defects 

With     With 
With     Without 
Without  With 
Without  Without 

Percent 

85.2 
85.6 
86.7 
85.6 

Percent 

85.O 
87.6 
91.2 
87.3 

Percent 

85.1 
86.6 
88.8 
Q6.k 

Percent 

91.2 
87.9 

92.3 
89.I 

Average 

85.8 

87.8 

86.7 

90.1 
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FIELD  TESTS 

Field  tests  were  conducted  in  fruit  and  vegetable  packinghouses 
with  the  same  laboratory  equipment,  modified  slightly  for  feeding  the 
fruits  or  vegetables  onto,  and  for  diverting  them  away  from,  the  grading 
table.  Three  kinds  of  farm  products  were  tested—long  white  potatoes, 
lemons,  and  oranges.  These  products  were  selected  because  each  has  a 
distinctive  shape  which  was  in  a  sense  similar  to  that  of  the  specimens 
used  in  the  laboratory  tests.  As  the  field  tests  were  run  primarily  to 
check  the  validity  of  the  laboratory  results,  selecting  products  similar 
in  shape  to  the  specimens  used  in  the  laboratory  eliminated  some  of  the 
variables  and  permitted  conclusions  to  be  drawn  more  readily  from  the 
laboratory  results  as  they  applied  to  grading  fruits  and  vegetables. 

In  conducting  the  field  tests  a  regular  grader  from  the  packinghouse 
was  assigned  to  perform  the  grading  operation  in  the  test  runs.  Figure  18 
is  a  view  of  the  regular  packinghouse  grading  belt  for  lemons  and  figure  19 
is  a  view  of  a  grading  belt  for  potatoes.   A  similar  view  of  a  grading  belt 
for  oranges  is  shown  in  figure  1.  These  three  views  are  of  existing 
grading  equipment  used  in  packinghouses  in  California.   Actually,  all 
this  equipment  does  is  translate  the  product  past  the  grader  without 
rotating  it.  Thus,  if  the  grader  is  to  see  the  color  and  defects  on  the 
underside  of  the  product  being  sorted,  she  must  roll  the  fruit  or  produce 
over  on  the  belt  with  her  hands  or  arms .  This  operation  adds  to  the  work 
involved  in  grading  and  reduces  the  volume  of  product  she  can  inspect . 
In  practice  the  fruit  frequently  goes  past  without  being  rotated. 

The  objectives  of  the  field  tests  were:   (l)  To  verify,  insofar  as 
possible,  the  results  obtained  in  the  laboratory,  (2)  to  obtain  data  on 
possible  labor  savings,  (3)  to  provide  a  basis  for  improving  the  labora- 
tory grading  table  and  auxiliary  equipment,  and  (k)   to  determine  if  there 
would  be  some  preliminary  acceptance  of  this  approach  to  savings  in 
grading  labor. 

The  procedure  for  carrying  out  these  field  tests  was  as  follows: 

1.  Take  one  or  two  boxes  or  bags  of  produce  after  they  had  been 
graded  or  sorted  by  the  regular  grading  force  with  the  regular 
packinghouse  equipment .  This  produce  was  used  as  the  control 
lot  for  comparing  the  results  obtained  with  the  experimental 
grading  table  and  those  obtained  with  the  regular  grading 
equipment .  The  lot  was  withdrawn  from  full  line  flow  so  that  a 
random  sample  was  obtained  and  no  selectivity  was  exercised. 
The  volume  of  flow  of  produce  over  the  line  was  timed. 

2.  Stop  the  house  belt  and  pick  up  2  to  3  boxes  or  bags  of  ungraded 
produce  from  the  belt,  again  picking  up  the  full  line  flow. 
This  ungraded  produce  was  then  loaded  into  the  hopper  of  the 
test  grading  table  for  a  test  run. 
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Figure  18. --Packinghouse  grading  belts  for   lemons. 


Figure  19. --Packinghouse  grading  belts  for  potatoes, 
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3.  Assign  a  grader  to  the  test  grading  table  from  the  force  working 
on  the  plant ' s  regular  grading  belt .  The  grader  worked  on  the 
regular  table  when  not  on  the  test  equipment  in  order  to  have 
results  of  equivalent  operational  fatigue. 

k.     Run  sufficient  produce  across  the  test  grading  table  to  pack 

one  test  bag  or  box  of  the  produce.  During  test  runs  the  grader 
assigned  to  the  test  table  tossed  culls  (those  items  unsuitable 
for  commercial  use  except  for  byproducts)  and  juice  grades  (those 
lemons  or  oranges  not  suitable  for  sale  as  fresh  fruit  but  suit- 
able for  processing  for  canned  juice  purposes)  into  a  chute  at 
her  right,  and  No.  2  grade  (second  grade  fruit  or  vegetables  for 
commercial  sale)  into  a  box  across  the  conveyor  or  to  her  left, 
whichever  method  was  equivalent  to  the  practice  of  the  house. 
The  run-off  from  the  test  table  was  the  No.  1  grade.  Various 
machine  speeds  were  used,  and  grading  time  was  recorded.  Fig- 
ures 20,  21,  and  22  show,  respectively,  views  of  the  test 
set-ups  for -potatoes,  lemons,  and  oranges. 

5.  Weigh  culls,  juice  grade,  and  No.  2  grade  produce  removed  and 
record  these  weights. 

6.  Have  control  boxes  of  produce  from  the  house  grading  belt  and 
boxes  from  test  runs  graded  by  a  Federal-State  shipping -point 
inspector  or  an  Association  inspector  (lemons  and  oranges).  The 
under-  or  off -grade  items  (those  fruits  or  vegetables  that  should 
have  been  removed  by  the  line  grader  but  were  not  and  were  subse- 
quently removed  by  the  shipping -point  or  Association  inspector) 
were  weighed  and  recorded.  These  boxes  were  marked  so  that  the 
inspectors  were  unable  to  identify  the  source  of  the  sample. 

During  the  tests  an  attempt  was  made  either  to  have  the  rate  of  flow 
of  the  test  equipment  identical  with  the  rate  of  flow  of  the  house  belt, 
or  to  obtain  identical  outgoing  qualities  of  graded  produce .  One  or  the 
other  of  these  two  conditions  had  to  be  met  in  order  to  make  comparisons 
of  labor  requirements  and  to  find  ways  for  improving  the  quality  of 
grading . 

As  the  graders  assigned  had  no  preliminary  training  in  the  use  of 
the  special  grading  table,  this  lack  of  experience  probably  imposed  an 
adverse  factor  on  the  use  of  and  the  results  obtained  from  the  test 
equipment.   However,  since  the  graders  assigned  to  the  tests  probably 
were  somewhat  above  average,  this  above  average  skill  may  have  balanced 
out  the  adverse  factor. 
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Figure   20. --Test  set-up  for 
grading  potatoes. 


Figure   22. --Test  set-up  for 
grading  oranges. 
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Formulas  Used 

Inspection  efficiency  =  Pounds  produce  removed  from  lot  by  grader 
Pounds  produce  removed  from  lot  by  grader 
■/  pounds  rejected  by  inspector 

Outgoing  quality  =  Weight  box  or  bag  net  -  pounds  rejected  by  inspector 

Weight  box  or  bag  net 


Results  of  Field  Tests 

Table  k   shows  the  results  of  the  significant  field  tests  as  averages 
of  the  several  tests  for  like  conditions  for  white  potatoes,  lemons,  and 
oranges,  respectively.  The  complete  results  of  individual  field  tests 
are  given  in  the  Appendix. 

Because  of  continually  varying  percentages  of  "defectives"  in  lots 
tested,  difficulties  were  experienced  in  obtaining  test  results  that  per- 
mitted accurate  point -by-point  checks  with  the  laboratory  tests.  There- 
fore, the  field  tests  were  conducted  according  to  the  following  criteria: 

1.  The  outgoing  quality  obtained  by  the  grader  assigned  to  the  test 
table  was  balanced  with  the  outgoing  quality  obtained  by  the 
grading  crew  on  the  house  grading  belt.  This  balance  was  effected 
by  changing  the  speed  of  the  test  equipment  until  the  outgoing 
quality  was  approximately  equal  to  that  obtained  with  the  regular 
house  equipment.  The  relative  flow  times  per  grader  then  afforded 
a  point  of  labor  comparison.   Outgoing  quality  was  the  necessary 
statistic  used  in  the  comparison,  since  it  was  impossible  to 
measure  inspection  efficiency  of  the  house  grading  line. 

2.  When  the  previous  procedure  was  not  feasible,  because  of  rapid 
variations  in  the  rates  of  flow  on  the  house  grading  belts,  it 
was  necessary  to  balance  the  flow  rate  of  the  fruit  on  the  test 
belt  so  that  for  short  periods  the  flow  of  fruit  per  unit  of 
time  from  the  test  table  was  the  same  as  that  from  the  packing- 
house belt.  With  the  flow  rates  of  the  house  belt  and  the  test 
table  approximately  the  same,  the  outgoing  quality  of  grading 
for  the  two  "lines"  was  determined  and  differences  noted.  This 
procedure  was  necessary  in  tests  with  lemons  because  of  the 
small  number  of  graders  being  used  on  the  packinghouse  grading 
belts  during  the  test,  as  a  result  of  the  relatively  low  rate 
of  pack  during  the  particular  test  period.   (See  Appendix  for 
results  where  this  criterion  was  most  applicable.   In  the  case 
of  lemons,  the  last  four  test  runs  at  one  house  and  the  eight 
runs  at  the  second  house  were  considered  to  be  of  approximately 
balanced  flow  rates.) 
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3.  The  subjective  reactions  of  the  graders  were  obtained  at  the 
conclusion  of  each  individual  test.  Their  opinions  concerning 
the  comparative  speed  of  the  test  table  and  the  house  belt  were 
recorded.  They  also  were  asked  to  express  their  opinions  as  to 
the  comparative  ease  of  grading  work  on  the  test  table  and  the 
house  belt. 

Analysis  of  table  k   and  the  answers  of  the  operators  interviewed  are 
mrized  for  each  of  the  three  products  in  the  following  sections. 


White  Potatoes  ■ 

Identical  outgoing  qualities  of  graded  lots  of  white  potatoes  were 
obtained  on  the  test  table  and  the  house  belt  when  the  test  table  was 
operated  at  a  rate  of  3  minutes  per  1,000  specimens,  3-row  presentation, 
and  3  revolutions  per  foot  of  translation.  Thus,  one  grader  on  the 
test  table  graded  as  large  a  volume  of  white  potatoes  in  0.82  minutes 
as  k   to  5  workers  on  the  house  belt  graded  in  0.215  minutes.  As  only 
one  grader  was  used  on  the  test  table,  the  labor  required  to  grade  100 
pounds  was  0.82  man-minutes.   The  labor  required  on  the  house  belt  to 
grade  an  equivalent  amount  was  U . 5  (average  number  of  workers)  x  0.215 
or  0.97  man -minutes.  Thus,  approximately  15.5  percent  less  labor  was 
required  on  the  test  table.   If  k   workers  were  considered  to  be  the 
average  number  of  house  graders  required,  total  labor  requirements  would 
be  0.86  man-minutes,  or  0 . 04  man-minutes  more  labor  than  was  required  on 
the  test  table.  The  reduction  in  labor  requirements  would  be  approxi- 
mately k   percent.  Thus,  it  was  concluded  that  the  test  table,  operated 
under  the  best  test  conditions,  required  from  h   to  15  percent  less  labor 
to  do  an  equivalent  grading  job  than  the  house  belt . 

Only  three  rows  of  long  white  potatoes  could  be  presented  on  the 
test  table  because  of  the  size  limitations  of  the  test  equipment.   The 
spacing  of  K   inches  between  specimens  was  not  sufficient  and  some 
potatoes  rode  along  without  turning.  By  use  of  equipment  designed  for 
grading  potatoes,  it  seems  reasonable  to  expect  that  possible  savings  in 
labor  might  be  even  greater  than  those  shown. 

The  operator  used  on  the  test  table  had  not  been  previously  trained 
in  the  use  of  the  equipment  and  she  might  be  expected  to  do  a  more 
efficient  job  after  becoming  more  familiar  with  its  use,  especially  as 
she  showed  greater  facility  and  satisfaction  when  working  at  the  test 
machine . 

Lemons 

The  outgoing  qualities  of  graded  lots  of  lemons  obtained  on  the 
test  table  and  the  house  belt  were  about  equal  when  the  flow  rates  of 
the  produce  on  the  house  belt  and  the  test  table  were  equal.  These 
results  were  obtained  with  lemons  having  a  range  of  from  Ik   to  17  percent 
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of  defectives.  Labor  requirements  for  grading  lemons  on  the  test  table 
showed  a  possible  reduction  of  roughly  75  percent  from  the  requirements 
on  the  house  belt . 

Subjective  reactions  of  the  graders  indicated  unanimous  preference 
for  the  test  table  over  the  house  belt  in  respect  to  ease  of  seeing  all 
the  fruit  surface.   The  graders  felt  that  this  preference  was  partially 
because  the  fruit  was  spaced  at  regular  intervals  on  the  test  equipment, 


Oranges 

The  percentage  of  defectives  in  the  lots  of  oranges  graded  varied 
from  30  to  58  percent,  so  that  at  times  more  fruit  was  being  removed 
than  was  allowed  to  run  off  the  belt.  This  variation  in  quality  of 
ungraded  fruit  was  the  most  adverse  condition  of  grading  possible  to 
obtain. 

Considerable  difficulty  was  experienced  in  matching  the  outgoing 
qualities  obtained  on  the  test  table  and  those  obtained  on  the  house 
belt.  About  the  same  qualities  were  obtained  during  the  last  test  con- 
dition, as  shown  in  table  k.      In  this  group  of  test  runs,  the  worker  on 
the  test  table  graded  the  amount  of  oranges  required  to  fill  a  test  unit 
in  I.56  man -minutes.  The  10  workers  on  the  house  belt  required  k.'J   man- 
minutes  of  labor  to  perform  the  same  operation.  Thus,  the  test  table 
showed  a  reduction  in  labor  requirements  of  roughly  67  percent. 

The  worker  assigned  to  the  test  table  felt  that  she  was  working  at 
a  more  comfortable  rate  on  the  test  table  than  th^n  on  the  house  line, 
and  she  enthusiastically  accepted  the  test  machine's  principles. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


From  the  results  obtained  in  this  project,  the  following  conclusions 
may  be  drawn: 

1.  When  objects  are  moved  (translated)  along  a  table  or  conveyor 
belt  past  a  grader  for  visual  inspection  for  defects  located  on 
a  peripheral  surface,  the  speed  of  rotation  of  the  object,  while 
it  is  being  moved  in  translation,  is  a  primary  factor  in  obtain- 
ing greater  inspection  efficiency.   Cylindrical  and  ellipsoidal 
specimens,  which  tend  to  roll  about  one  axis,  should  be  rotated 
at  least  3/^  revolutions  per  foot'  of  translation  per  row  of 
objects  presented  for  simultaneous  inspection.   Spheroidal 
specimens,  which  roll  about  numerous  axes,  should  be  rotated 
about  1.6  revolutions  per  foot  of  translation  when  from  3  to 

5  rows  are  presented  for  simultaneous  inspection. 

2.  Forward  rotation  of  specimens  (so  that  the  motion  of  the  top  of 
the  specimen  is  in  the  same  direction  as  the  translational 
motion)  is  desirable  to  avoid  "belt  sickness"  which  occurs  when 
certain  speeds  of  backward  rotation  are  used. 

3.  When  specimens  are  being  inspected  for  the  removal  of  those 
having  surface  defects  and  color  sorting  is  not  involved,  the 
optimum  inspection  rates  for  ellipsoids  and  spheroids  is  from 

3  to  k   minutes  per  1,000  specimens.   If  specimens  are  presented 
in  k   rows  with  a  i+-inch  spacing  between  specimens  as  they  are 
fed  onto  the  belt,  these  inspection  rates  would  give  transla- 
tional speeds  of  from  21  feet  to  28  feet  per  minute. 

k.     Direct  presentation  of  specimens  (specimens  moving  directly 
toward  the  inspector)  gives  results  superior  to  those  of  side 
presentation  for  nearly  all  test  conditions. 

5.  The  presentation  of  specimens  at  regular  intervals  along  the 
inspection  belt  is  preferable  to  haphazard  spacing,  from  the 
viewpoints  of  both  inspection  efficiency  and  operator 
satisfaction. 

6.  When  side  presentation  (side  approach)  of  specimens  is  used, 
most  graders  appear  to  prefer  a  translational  movement  from 
right  to  left  rather  than  from  left  to  right.   This  preference 
apparently  has  no  connection  with  whether  graders  are  right  or 
left  handed. 

7.  For  specimens  that  have  a  maximum  "width"  dimension  of  l\   inches; 
four  rows  of  specimens  appear  to  be  the  optimum  number  of  rows 
that  should  be  presented  for  simultaneous  inspection.   There  is 
reason  to  believe  that  this  number  of  rows  might  not  be  correct 
for  smaller  or  larger  specimens  which  would  decrease  or  increase 
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the  width  of  the  area  over  which  the  grader's  eyes  searched 
during  the  visual  inspection  process.   It  is  hoped  that  future 
work  will  determine  whether  the  number  of  objects  observed 
simultaneously  or  the  width  of  the  area  which  can  be  observed 
determines  the  optimum  condition. 

8.  Variations  of  from  10  percent  to  30  percent  in  the  amount  or 
number  of  defective  specimens  in  a  lot  have  negligible  effect 
on  the  inspection  efficiency  for  a  given  set  of  inspection 
conditions . 

9.  For  both  direct  and  side  approach  the  use  of  mirrors  produces 
increased  inspection  efficiency  in  detecting  end  defects,  but 
reduces  the  efficiency  in  detecting  peripheral  defects.   If  the 
proportion  of  end  defects  to  peripheral  defects  is  not  high,  the 
use  of  mirrors  reduces  inspection  efficiency. 

10.  When  inspectors  must  inspect  for  more  than  one  defect,  the 
over-all  inspection  efficiency  is  decreased.   Increasing  the 
number  of  defects  from  one  to  two  decreases  the  efficiency 
about  3  percent . 

11.  When  spheroidal  specimens  are  inspected  by  use  of  the  side 
approach,  the  specimens  should  be  caused  to  roll  laterally  at 
least  1  inch  for  each  5  inches  of  translation  to  assure  that 
the  entire  surface  of  the  specimen  comes  into  the  grader's 
view.  When  the  direct  approach  is  used,  some  lateral  rotation 
probably  is  desirable,  but  it  does  not  appear  that  this  lateral 
movement  is  a  very  important  factor  under  this  direction  of 
approach. 

12.  The  use  of  grading  tables  which  will  permit  the  use  of  the  test 
conditions  listed  above  can  substantially  reduce  the  amount  of 
labor  used  in  fruit  and  vegetable  packinghouses  for  performing 
grading  operations. 

13.  Workers  have  no  difficulty  in  adapting  themselves  to  the  use  of 
equipment  which  provides  the  inspection  conditions  described, 
and  they  appear  definitely  to  prefer  them  over  methods  now 
commonly  employed  in  the  fruit  and  vegetable  packinghouses. 

Although  the  equipment  used  in  this  project  was  designed  to  permit 
study  of  a  wide  range  of  laboratory  test  conditions,  and  to  permit  a 
study  of  human  reactions  under  the  conditions  utilized,  it  was  not 
ideal  for  use  in  grading  any  particular  fruit  or  vegetable  and  should 
not  be  considered  as  a  model.   However,  the  experience  gained  in  using 
this  equipment  provides  a  basis  for  general  recommendations  for  con- 
structing equipment  for  grading  or  sorting  specific  fruits,  vegetables, 
and  other  products. 
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1.  The  translation  rods  should  he  spaced  far  enough  apart  to 
prevent  the  products  from  heing  caught  between  two  adjacent 
rods  in  the  process  of  rolling.   Proper  spacing  is  particularly 
important  in  the  case  of  irregularly  shaped  products,  such  as 
potatoes . 

2.  The  translation  rods  should  be  close  enough  to  the  belt  so  that 
products  will  not  be  caught  between  the  rods  and  the  belt.  The 
translation  rods  should  be  at  least  "$jh  inch  in  diameter  unless 
some  physical  limitation  in  connection  with  the  product  prevents 
the  use  of  that  size.  For  some  small,  hard  objects,  a  vertical 
slat  might  be  better  than  a  round  rod. 

3.  The  use  of  a  rod  mechanism  in  which  the  rods  turn  backward 
during  translation  undoubtedly  would  be  advantageous  in  many 
cases,  particularly  with  soft  objects. 

k.      For  use  with  the  side  approach,  the  equipment  should  be  so 
constructed  that  the  grader  will  be  stationed  about  8  inches 
from  the  nearest  row  of  objects.   Defects  on  objects  within  this 
8-inch  range  cannot  be  clearly  seen  by  graders. 

5.  For  grading  most  types  of  produce,  the  grading  table  should  have 
variable  speed  translation  rods  and  a  belt  that  can  be  operated 
in  either  direction  so  as  to  produce  the  optimum  conditions  of 
both  translation  and  rotation.   For  a  very  limited  range  of 
sizes,  optimum  conditions  can  be  obtained  by  means  of  transla- 
tion rods  over  a  fixed  surface.   (These  sizes  can  be  determined 
by  means  of  the  equations  on  page  10  by  letting  V^  =  0.) 

6.  The  results  of  this  study  indicate  that  maximum  efficiency  in 
labor  utilization  will  be  obtained  by  providing  one  small  grading 
table  for  each  worker.   Because  of  the  greatly  increased  inspec- 
tion efficiency  which  results,  such  an  arrangement  probably  would 
not  require  more  floor  space  than  existing  grading  belts  and 
should  permit  greater  flexibility  and  closer  checking  of  the 
effectiveness  of  individual  graders. 

7.  The  efficiency  of  labor  employed  for  grading  and  their  inspection 
efficiency  could  be  increased  through  improved  selection  and 
training  of  individual  workers. 
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APPENDIX 

Results  of  Laboratory  Tests 

Tables  5  to  9,  inclusive,  contain  complete  tabulations  of  the 
laboratory  test  results. 

All  laboratory  tests  were  conducted  with  three  types  of  specimens- 
cylinders,  ellipsoids,  and  spheroids.   Cylinders  and  ellipsoids  were 
painted  yellow  and  spheroids  orange.   Different  numbers  of  revolutions 
per  foot  of  translation  were  tested. 

The  approach  of  the  specimens  to  the  grader  or  inspector  either  was 
side  or  direct. 

The  numbers  of  rows  of  specimens  presented  simultaneously  for 
inspection  varied  from  1  to  5. 

Time  to  inspect  the  specimens  ranged  from  1,77  minutes  per  1,000 
specimens  to  8.3  minutes  per  1,000  specimens. 

The  use  of  mirrors  for  increasing  the  accuracy  of  grading  was 
studied.  The  use  of  a  diverter  for  providing  lateral  rotation  of 
spheroids  also  was  studied. 

For  all  laboratory  tests,  except  part  of  test  block  IX,  30  percent 
of  each  lot  of  specimens  had  "defects."   These  defects  were  small, 
l/8-inch  diameter  black  spots  painted  on  the  surface  of  the  specimens. 
For  test  block  X,  which  was  run  to  determine  the  influence  of  multiple 
defects  with  orange  spheroids,  a  second  color,  yellow,  was  used  for 
part  of  the  defects. 

For  some  tests  these  defects  were  randomly  placed  on  the  surface  of 
the  specimens,  for  other  tests  a  specific  number  of  the  defects  were 
located  in  a  predetermined  point  on  the  surface. 
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Table  5 •--Mean  inspection  efficiency  obtained  under  specified  test 
conditions  by  use  vof  wooden  cylinders,  30  percent  having 
single  defects,  test  blocks  I,  II,  and  III,  1952  l/ 


Test  conditions 

:    Mean 

Revolutions 

Direction 

:  Number 

:Time  to  inspect 

:  inspection 

per  foot  (Number) 

of  approach 

:  of  rows 

: 1,000  specimens 

:  efficiency 

Number 

Minutes 

:   Percent 

Test  block  I: 

2.72 

Side 

2 

5.7 

:    97-1 

2.28 

Side 

2 

4.8 

:    96.4 

2.0 

Side 

2 

4.2 

:    95.0 

2.0 

Side 

2 

8.3 

:    98.6 

1A5 

Side 

2 

6.1 

:    97.7 

1.15 

Side 

2 

4.8 

:    92.6 

2.72 

Direct 

2 

5.7 

:    99-2 

2.28 

Direct 

2 

4.8 

:    96.9 

2.0 

Direct 

2 

4.2 

:    95.0 

2.0 

Direct 

2 

8.3 

99.2 

1M 

Direct 

2 

6.1 

:    97.8 

1.15 

Direct 

2 

4.8 

:    94.8 

2.0 

Side 

1 

8.3 

:    99-0 

1A5 

Side 

1 

6.1 

:    98.1 

1.15 

Side 

1 

4.8 

:    95.4 

2.0 

Direct 

1 

8.3 

:    99-7 

1A5 

Direct 

1 

6.1 

:    97.7 

1.15 

Direct 

1 

4.8 

:    93.8 

Test  block  II: 

3-92 

Side 

3 

5.5 

:    97.5 

3-20 

Side 

3 

4.4 

96.3 

3-92 

Direct 

3 

5.5 

99.0 

3.20 

Direct 

3 

4.4 

98  ..8 

3.92 

Side 

k 

4.1 

98.5 

3-^8 

Side 

k 

3.6 

93-5 

3.92 

Direct 

4 

4.1      : 

98.8 

3.48 

Direct 

4 

3.6 

99.2 

2.72 

Side 

2 

5.7      : 

98.0 

2.0 

Side 

2 

4.2      : 

96.1 

2.72 

Direct 

2 

5-7      : 

98.3 

2.0 

Direct 

2 

4.2      : 

98.5 

Test  block  III: 

2.0 

Direct 

2 

4.2      ': 

96.8 

2.67 

Direct 

3 

3-7      : 

96.7 

2.85 

Direct 

4 

3.0      : 

93-8 

4.25 

Direct 

5 

3-5       : 

97.8 

1/  The  cylinders  used  were  2  inches  in  diameter  and  2-|  inches  long, 
Each  was  painted  yellow  and  one  "defect,"  l/8  inch  in  diameter  black 
spot  was  randomly  placed  upon  the  cylindrical  portion  of  each  defective 
cylinder.  Mirrors  and  diverters  were  not  used. 
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Table  6. --Mean  inspection  efficiency  obtained  under  specified  test 
conditions  "by  use  of  cylinders  and  ellipsoids,  30  percent 
having  single  defects,  test  blocks  IV,  V,  VI,  and  VIII, 
1952  1/ 


Test  conditions 


Revolutions 

per  foot  (Number) 


Direction   :  Number 
of  approach  ;  of  rows 


Time  to  inspect 


Mean 
inspection 


1,000  specimens;  efficiency 


Number 

Minutes    : 

Percent 

Test  block 

IV--cylinders: 

3.92 

Direct 

4 

4.1 

98.9 

3.20 

Direct 

4 

3.3 

95.2 

Test  block 

IV  (cont.)- 

--ellipsoids 

3-92 

Direct 

4 

4.1 

99.1 

3-20 

Direct 

4 

3.3 

98.6 

Test  block 

V--cylinders: 

3-^8 

Direct 

4 

3.6 

98.8 

3.48 

Side 

4 

3.6 

99-6 

Test  block 

V  (cont.)- 

-ellipsoids: 

I.89 

Direct 

2 

4-5 

97-8 

1.25 

Direct 

2 

3-0 

91.0 

1.89 

Side 

2 

4.5 

96.3 

1.25 

Side 

2 

3-0 

89.2 

3-72 

Direct 

3 

5-9 

99-1 

I.89 

Direct 

3 

3-0 

96.9 

3-72 

Side 

3 

5-9 

99.5 

I.89 

Side 

3 

3.0 

93-6 

3.72 

Direct 

4 

4.4 

:    99-5 

I.89 

Direct 

4 

2.3 

:    95.0 

3.72 

Side 

4 

4.4 

:    97.4 

I.89 

Side 

4 

2.3 

:    90.9 

1.90 

Direct 

2 

4.0 

:    97-0 

1.31 

Direct 

2 

2.7 

:    85.9 

1.90 

Side 

2 

4.0 

:    92.0 

I.31 

Side 

2 

2.7 

:    84.7 

3.92 

Direct 

3 

5.9 

:    98.3 

1.90 

Direct 

3 

2.7 

:    96.4 

4.25 

Side 

3 

5.9 

:    98.0 

1.90 

Side 

3 

2.7 

:    89.I 

4.25 

Direct 

4 

4.4 

99.2 

See  footnote  at  end  of  table. 
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Table  6. --Mean  inspection  efficiency  obtained  under  specified  test 
conditions  by  use  of  cylinders  and  ellipsoids,  30  percent 
having  single  defects,  test  blocks  IV,  V,  VI,  and  VIII, 
1952  l/--Continued 


Test  conditions 

Mean 

Revolutions 

per  : 

Direction   : 

Number  : 

Time  to  inspect 

:  inspection 

foot 

(Number)   : 

of  approach  : 

of  rows : 

1,000  specimens 

:  efficiency 

Number 

Minutes 

Percent 

Test  block 

V 

[cont . ) 

--ellipsoids: 

1.90 

Direct 

k 

2.0 

:    89.I 

4.25 

Side 

k 

k.k 

:    98.O 

1.90 

Side 

k 

2.0 

:    81+. 9 

1.92 

Direct 

2 

3.5 

:    95.9 

I.36 

Direct 

2 

2.5 

81+. 0 

1.92 

Side 

2 

3-5 

:    92.5 

I.36 

Side 

2 

2.5 

81+. 9 

1+.80 

Direct 

3 

5.9 

98.1+ 

1.92 

Direct 

3 

2.k 

:    90.9 

4.80 

Side 

3 

5-9 

97-5 

1.92 

Side 

3 

2.1+ 

87.8 

4.80 

Direct 

k 

k.k 

99.0 

1.92 

Direct 

k 

1.8 

81.2 

1+.80 

Side 

k 

k.k 

98.7 

1.92 

Side 

k 

1.8 

78.3 

Test  block 

Vi- 

•-ellipsoids: 

1.0 

Side 

k 

3 

8i+. 3 

1.9 

Side 

k 

3 

89.1 

3-0 

Side 

k 

3 

90.7 

k.O 

Side 

k 

3 

91.1 

1.0 

Direct 

k 

3 

86.2 

1.9 

Direct 

k 

3 

9k. 3 

3.0 

Direct 

k 

3 

95.9 

k.O 

Direct 

k 

3 

9I+.7 

1.0 

Side 

k 

2 

70.1 

1.9 

Side 

k 

2 

71.5 

3.0 

Side 

k 

2 

72.8 

k.O 

Side 

k 

2        : 

66.9 

1.0 

Direct 

k 

2        : 

76.2 

1.9 

Direct 

k 

2        : 

80.I 

3.0 

Direct 

k 

2        : 

81.2 

k.O 

Direct 

k 

2        : 

77-1 

See 

footnote  at 

end  of  table 
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Table  6. --Mean  inspection  efficiency  obtained  under  specified  test 
conditions  by  use  of  cylinders  and  ellipsoids,  30  percent 
having  single  defects,  test  blocks  IV,  V,  VI,  and  VIII, 
1952  l/--Continued 


Test  conditions 

Mean 

Revolutions 

:   Direction 

Number  : 

Time  to  inspect 

inspection 

per  foot  (Number) 

.  of  approach 

of  rows : 

1,000  specimens 

efficiency 

Number 

Minutes 

Percent 

Test  block  VIII--ellipsoids:  2/ 

3-0 

Side 

3 

3-7 

96.9 

4.0 

Side 

3 

3-7 

98.1 

3.0 

Direct 

3 

3-7 

98.5 

k.O 

Direct 

3 

3-7 

96.8 

3.0 

Side 

k 

3-7 

97-5 

k.O 

Side 

k 

3.7 

98.0 

3-0 

Direct 

k 

3.7 

99-0 

k.O 

Direct 

k 

3-7 

98.9 

3.0 

Side 

5 

3-7 

98.7 

U.o 

Side 

5 

3-7 

97-8 

3.0 

Direct 

5 

3.7 

99.1 

k.O 

Direct 

5 

3-7 

93.5 

3.0 

Side 

3 

3-0 

92.8 

k.O 

Side 

3 

3-0 

93-5 

3.0 

Direct 

3 

3.0 

96.7 

k.O 

Direct 

3 

3.0 

93-2 

3.0 

Side 

k 

3.0 

9J+.2 

k.O 

Side 

k 

3-0 

9k.e 

3.0 

Direct 

k 

3.0 

98.7 

k.O 

Direct 

k 

3.0 

97.5 

3.0 

Side 

5 

3.0 

95.1 

k.O 

Side 

5 

3.0 

95.2 

3.0 

Direct 

5 

3-0 

96.6 

k.O 

Direct 

5 

3.0 

98.3 

1/  The  ellipsoids  used  had  a  2-inch  minor  diameter  and  a  2^--inch 
major  diameter.   All  specimens  were  painted  yellow  and  one  "defect," 
l/8  inch  in  diameter  black  spot,  was  placed  upon  the  surface  of  each 
defective  specimen.   One-third  of  the  defects  were  on  the  peripheral 
surface  at  the  minor  diameter  and  two -thirds  of  the  defects  were  en 
the  peripheral  surface  halfway  between  the  center  or  minor  diameter 
and  the  end.   Mirrors  and  diverters  were  not  used. 

2/  Additional  data  on  test  block  VIII  are  given  in  table  J. 
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Table  7. --Mean  inspection  efficiency  obtained  under  specified  test 
conditions  by  use  of  ellipsoids,  3°  percent  having  single 
defects,  test  block  VII  and  part  of  test  block  VIII,  1952  1/ 


Test  conditions 

Mean  inspection 

efficiency 

:Time  to 

For 

Revolutions 
per  foot 

Direction 
of 

Number 
of 

: inspect 
:  1,000 

Mirrors 

used 

periph- 
eral 

For 
end 

Total 
defects 

(Number ) 

approach 

rows 

: specimens 

defects 

defects 

Number 

Minutes 

Percent 

Percent 

Percent 

Test  block  VII: 

1.9 

Side 

k 

3-0 

Yes 

- 

- 

89.2 

3.0 

Side 

k 

3.0 

Yes 

- 

- 

92.1 

k.O 

Side 

k 

3.0 

Yes 

. 

- 

89.I 

1-9 

Direct 

k 

3.0 

Yes 

- 

- 

91.2 

3.0 

Direct 

k 

3-0 

Yes 

: 

- 

92.9 

k.O 

Direct 

k 

3-0 

Yes 

. 

- 

92.1 

1.9 

Side 

k 

2.0 

Yes 

- 

- 

76.1 

3-0 

Side 

k 

2.0 

Yes 

. 

- 

80.9 

k.O 

Side 

k 

2.0 

Yes 

. 

- 

72.9 

1.9 

Direct 

k 

2.0 

Yes 

, 

- 

8O.7 

3.0 

Direct 

k 

2.0 

Yes 

, 

- 

83.O 

k.O 

Direct 

k 

2.0 

Yes 

- 

- 

82.3 

1.9 

Side 

k 

3.0 

No 

- 

- 

90.4 

3.0 

Side 

k 

3.0 

No 

- 

- 

93-3 

k.O 

Side 

k 

3.0 

No 

- 

- 

91.0 

1.9 

Direct 

k 

3.0 

No 

- 

- 

92.5 

3.0 

Direct 

k 

3.0 

No 

- 

- 

94.3 

k.O 

Direct 

k 

3.0 

No 

- 

- 

91.8 

1.9 

Side 

k 

2.0 

No 

- 

- 

77-7 

3.0 

Side 

k 

2.0 

No 

- 

- 

79.1 

k.O 

Side 

k 

2.0 

No 

- 

- 

72.9 

1.9 

Direct 

k 

2.0 

No 

- 

- 

82.7 

3.0 

Direct 

k 

2.0 

No 

- 

- 

82.9 

1+.0 

Direct 

k 

2.0 

No 

- 

- 

83.9 

Test  block  VIII: 

3.0 

Side 

3 

3-7 

Yes 

96.8 

93-7 

95.8 

k.O 

Side 

3 

3-7 

Yes 

97-0 

90.3 

94.8 

3.0 

Direct 

3 

3-7 

Yes 

98.1 

90.7 

95.6 

k.O 

Direct 

3 

3.7 

Yes 

97.3 

86.3 

93.6 

3-0 

Side 

k 

3.7 

Yes 

99.0 

93-3 

97.1 

k.O 

Side 

k 

3.7 

Yes 

98.3 

93-3 

96.7 

3.0 

Direct 

k 

3-7 

Yes 

97.8 

92.0 

95-9 

4.0 

Direct 

k 

3.7 

Yes 

99-0 

87.7 

95.2 

3.0 

Side 

5 

3.7 

Yes 

97.3 

90.7 

95-1 

k.O 

Side 

5 

3-7 

Yes 

98.5 

92.0 

96.3 

3.0 

Direct 

5 

3.7 

Yes 

98.3 

89.0 

95.2 

4.0 

Direct 

5 

3-7 

Yes 

98.7 

85.3 

94.2 

3.0 

Side 

3 

3-0 

Yes 

95.3 

89.7 

93-5 

See  footnote  at  end  of  table. 
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Table  7 ---Mean  inspection  efficiency  obtained  under  specified  test 
conditions  by  use  of  ellipsoids,  30  percent  having  single 
defects,  test  block  VII  and  part  of  test  block  VIII,  1952  IjL. 
Continued 


Test 

conditions 

Mean  inspection 

efficiency 

:Time  to 

For 

Revolutions 

Direction 

Number 

: inspect 

Mirrors 

periph- 

For 

Total 

per  foot 

of 

of 

:  1,000 

used 

eral 

end 

defects 

(Number) 

approach 

rows 

: specimens 

defects 

defects 

/III  (cont 

Number 
): 

Minutes 

Percent 

Percent 

Percent 

Test  block  \ 

lf.0 

Side 

3 

3-0 

Yes 

91.8 

86.3 

89.8 

3.0 

Direct 

3 

3.0 

Yes 

96.7 

82.3 

91.9 

k.o 

Direct 

3 

3-0 

Yes 

96.0 

88.0 

93-3 

3.0 

Side 

k 

3.0 

Yes 

95-7 

90.0 

93-8 

k.o 

Side 

k 

3-0 

Yes 

96.0 

86.3 

92.8 

3.0 

Direct 

k 

3.0 

Yes 

97-0 

82.3 

92.1 

I4-.0 

Direct 

k 

3-0 

Yes 

96.2 

84.3 

92.1 

3.0 

Side 

5 

3-0 

Yes 

96.7 

88.0 

93.8 

k.O 

Side 

5 

3.0 

Yes 

96.3 

92.7 

95-1 

3.0 

Direct 

5 

3.0 

Yes 

97-3 

86.7 

93.7 

k.O 

Direct 

5 

3.0 

Yes 

97-3 

89.7 

9^.8 

k.o 

Side 

3 

3-7 

No 

98.7 

88.7 

95.4 

k.o 

Side 

3 

3-7 

No 

98.5 

89.7 

95.6 

3.0 

Direct 

3 

3-7 

No 

98.7 

90.7 

^6.0 

4.0 

Direct 

3 

3-7 

No 

97-8 

87.7 

9k.k 

3.0 

Side 

k 

3.7 

No 

97.8 

87.3 

9k. 3 

k.o 

Side 

k 

3-7 

No 

.   98.8 

88.3 

95-3 

3.0 

Direct 

k 

3-7 

No 

98.8 

89.3 

95.7 

k.o 

Direct 

k 

3.7 

No 

;  99.5 

89.3 

96.I 

3-0 

Side 

5 

3-7 

No 

:   97.7 

88.0 

9k. k 

lf.0 

Side 

5 

3-7 

No 

:   97.7 

89.0 

94.8 

3.0 

Direct 

5 

3-7 

No 

:   98.7 

88.0 

95-1 

k.o 

Direct 

5 

3-7 

No 

:  98.5 

88.7 

95-2 

3.0 

Side 

3 

3.0 

No 

:   92.8 

85.7 

91.6 

k.o 

Side 

3 

3.0 

No 

:   95-0 

86.0 

92.0 

3.0 

Direct 

3 

3-0 

No 

:   97.3 

88.7 

9k. k 

k.o 

Direct 

3 

3.0 

No 

:   97-2 

87.0 

93-8 

3-0 

Side 

k 

3-0 

No 

:   97-5 

86.7 

93-2 

k.o 

Side 

k 

3-0 

No 

:   97-5 

87.0 

94.0 

3.0 

Direct 

k 

3.0 

No 

:   97-7 

86.3 

93.9 

k.o 

Direct 

k 

3.0 

No 

:   97-7 

86.3 

93.9 

3.0 

Side 

5 

3.0 

No 

:   96.8 

87.0 

93-6 

k.o 

Side 

5 

3-0 

No 

:   96.O 

86.0 

92.6 

3.0 

Direct 

5 

3.0 

No 

:   98.7 

86.0 

9k.  k 

k.o 

Direct 

5 

3.0 

No 

:   97.5 

83.O 

92.7 

1/  The  ellipsoids  used  had  a  2-inch  minor  diameter  and  a  2-^-inch 
major~diameter.   All  specimens  were  painted  yellow  and  one  "defect,"  l/8 
inch  in  diameter  black  spot,  was  placed  upon  the  surface  of  each  defective 
specimen.   One-third  of  the  defects  were  at  the  ends,  two-ninths  were  'on 
the  peripheral  surface  at  the  minor  diameter,  and  four -ninths  were  on  the 
peripheral  surface  halfway  between  the  minor  diameter  and  the  end. 
Diverters  were  not  used. 
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Table  8. --Mean  inspection  efficiency  obtained  under  specified  test 
conditions  by  use  of  spheroids,  Ik   percent  and  30  percent 
having  single  defects,  test  block  IX,  1952  1/ 


Test  conditions 

Mean  inspection  efficiency 

Revolutions 

:  Direction 

:  Number: 

Time  to 

per  foot 

of 

:   of    : 

inspect  1,000 

lU-  percent! 

30  percent 

(Number) 

:  approach 

:  rows   : 

specimens 

defectives . 

defectives 

Number 

Minutes 

Percent 

Percent 

1-53 

Side 

3 

3.7 

87.9 

90.  k 

3.0 

Side 

3 

3-7 

91.0 

88.3 

k.O 

Side 

3 

3-7 

88.1 

88.0 

1.53 

Direct 

3 

3-7 

95-0 

96.O 

3.0 

Direct 

3 

3.7 

89.3 

9^.6 

k.O 

Direct 

3 

3.7 

90.0 

95.6 

1.53 

Side 

k 

3.7 

88.6 

91.5 

3.0 

Side 

k 

3.7 

93-1 

91.1 

k.O 

Side 

k 

3-7 

88.6 

86.8 

1.53 

Direct 

k 

3.7 

9T.A 

96.7 

3.0 

Direct 

k 

3-7 

96.7 

9^-9 

k.O 

Direct 

k 

3.7 

96.O 

93-0 

1.53 

Side 

5 

3-7 

89.5 

88.6 

3.0 

Side 

5 

3-7 

90.2 

9U.7 

k.O 

Side 

5 

3-7 

88.6 

97-9 

1.53 

Direct 

5 

3-7 

92.9 

95-6 

3.0 

Direct 

5 

3-7 

95.0 

95-5 

k.O 

Direct 

5 

3-7 

93.8 

9^.5 

1.53 

Side 

3 

3.0 

89.5 

85.6 

3.0 

Side 

3 

3.0 

80.5 

87.1 

k.O 

Side 

3 

3.0 

80.7 

76.9 

1.53 

Direct 

3 

3-0 

93.8 

92.0 

3.0 

Direct 

3 

3-0 

86.1+ 

9k.  1 

k.O 

Direct 

3 

3.0 

85.2 

98.7 

1.53 

Side 

k 

3.0 

85.7 

87.2 

3.0 

Side 

k 

3-0 

85.0 

87.8 

k.O 

Side 

k 

3.0 

82.2 

8l+. 1 

1.53 

Direct 

k 

3.0 

9^.0 

95-5 

3.0 

Direct 

k 

3.0 

9^.0 

93-9 

k.o 

Direct 

k 

3-0 

93.6 

88.2 

1-53 

Side 

5 

3.0 

93.1 

89.5 

3.0 

Side 

5 

3.0 

93-3 

88.0 

k.O 

Side 

5 

3.0 

88.8 

88.2 

1.53 

Direct 

5 

3.0 

95.5 

93.8 

3.0 

Direct 

5 

3.0 

92. If 

93.5 

k.O 

Direct 

5 

3.0 

90.5 

9^.0 

1/  The  spheroids  used  were  2^  inches  in  diameter.   All  specimens  were 
painted  orange  and  one  "defect,"  1/8  inch  in  diameter  black  spot,  was 
placed  somewhere  on  the  surface  of  each  defective  specimen.  Mirrors  and 
diverters  were  not  used. 
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Field  Tests 

The  results  of  field  tests  are  given  in  tables  10  to  13, 
inclusive. 

Field  tests  to  verify  the  results  of  the  laboratory  tests  were 
run  with  three  different  products—potatoes,  lemons,  and  oranges. 

The  test  conditions  used  pertaining  to  translation  and  rotation 
speeds  were  those  which  were  found  to  he  the  best  in  the  laboratory 
tests. 

Graders  assigned  to  the  test  table  were  selected  from  the  regular 
packinghouse  grading  crews . 

Data  were  collected  en  the  results  obtained  with  the  present 
packinghouse  equipment  and  compared  with  the  results  obtained  with  the 
test  table. 
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Table  10.— Elapsed  time   required  to  grade  amount  of  potatoes  to  fill  a  100-pound  bag,   Inapeotton  efficiency,  and  outgoing  quality  of  graded  loti  of 
white  potatoes  by  use  of  specified  test  conditions  and  conditions  In  one  selected  potato  packinghouse 


Elapsed 

time  re- 

nt  of 

Amount 

of  de- 

s  removed 

fective 

potatoes 

Defect 

*    In 

Test  conditions 

Df  produce 

from  lot  by 

removed  from 

Outgoing 

incoming 

Test 

to  fill 

100-pound 

grader 

during 

100-pound  bag  by 

efficiency 

quality 

bag  1/ 

test  run 

inspectors 

Test  rate 
per  1,000 
specimens 

•tionT1"* 

Rows 
pro- 

Test 

:     House 

As 

'     As 

Test 

'  House 

Test 

Test 

House 

Test 

House 

:per  foot: 

table 

J  bslt  2/ 

No.  2's 

I  culls 

table 

!     belt 

table 

table 

belt 

table       ; 

belt  2/ 

Minutes 

Number 

Number 

Minutes 

Minutes 

Pounds 

Founds 

Pounds 

Pounds 

Percent 

Percent 

Percent 

Percent 

Percent 

IB 

3.0 

3 

3 

0.95 

_ 

36 

1.0 

2.0 

3.5 

95 

98 

96.5 

28 

_ 

ZB 

3.0 

3 

3 

1.40 

25 

5.0 

3.0 

5.0 

91 

97 

95 

25 

3B 

3.0 

3 

3 

.85 

- 

24 

.5 

3.0 

3.0 

89 

97 

97 

22 

.. 

3.0 

3 

3 

.72 

14 

.0 

3.5 

3.5 

80 

96.5 

96.5 

15 

5A 

3.0 

3 

3 

.90 

31 

2.0 

4.5 

5.0 

88 

9$.5 

95 

28 

6B 

3.0 

3 

3 

.80 

17 

2.0 

4.0 

4.5 

83 

96 

95.5 

19 

23.3 

7B 

3.0 

3 

3 

1.00 

27 

4.0 

4.0 

3.5 

89 

96 

96.5 

27 

8A 

3.0 

3 

3 

.85 

4/0.214 

24 

3.0 

4.0 

5.0 

87 

96 

95 

24 

9A 

3.0 

3 

3 

.90 

28 

3.0 

5.5 

4.5 

85 

94.$ 

95.5 

28 

10B 

3.0 

3 

3 

.78 

- 

24 

2.0 

2.5 

3.5 

91 

97.5 

96.5 

23 

- 

11B 

3.0 

3 

3 

_ 

- 

29 

1.0 

6.5 

4.5 

82 

93.5 

95.5 

28 

j 

12B 

3.0 

3 

3 

.80 

32 

3.0 

4.0 

2.5 

90 

96 

97.5 

29 

13A 

3.0 

3 

3 

.85 

32 

3.5 

7.0 

6.0 

84 

93 

94 

31 

HA 

3.0 

3 

3 

.95 

42 

2.0 

5.0 

2.5 

90 

95 

97.5 

34 

15A 

3.7 

3 

3 

1.33 

56 

4.5 

2.0 

5.0 

97 

95 

39 

16B 

3.7 

3 

3 

1.30 

53 

4.0 

5.0 

5.0 

92 

95 

95 

38 

18.5 

17A 

3.7 

3 

3 

1.42 

59 

3.0 

5.0 

6.0 

93 

95 

94 

41 

ISA 

3.7 

3 

3 

1.27 

4/     .211 

50 

3.0 

3.5 

3.0 

94 

96.5 

97 

37 

19B 

3.7 

3 

3 

.94 

30 

1.0 

2.5 

5.0 

92 

97.5 

95 

20A 

3.7 

3 

3 

1.12 

- 

45 

5.5 

3.0 

4.0 

94 

97 

96 

35 

- 

21B 

3.7 

3 

3 

1.02 

_ 

34 

1.0 

2.0 

3.0 

95 

98 

97 

27 

_ 

22A 

3.7 

3 

3 

1.02 

23 

2.0 

2.0 

3.5 

93 

98 

96.5 

22 

23B 

3.7 

3 

3 

1.10 

30 

1.0 

1.5 

1.5 

95 

98.5 

98.5 

25 

24B 

3.0 

3 

3 

.86 

- 

21 

1.0 

5.0 

1.0 

81 

95 

99 

22 

- 

25A 

3.0 

3 

3 

.87 

17 

2.0 

1.5 

3.0 

93 

98.5 

97 

17 

26B 

3.0 

3 

3 

.99 

1.5 

3.0 

2.5 

92 

97 

97.5 

24 

27B 

3.7 

3 

3 

1.1$ 

5/     .194 

36 

4.0 

2.5 

2.5 

94 

97.5 

97.5 

30 

26B 

3.7 

0 

3 

.87 

- 

16 

1.0 

3.5 

1.5 

83 

96.5 

98.5 

17 

- 

29A 

3.7 

0 

3 

.89 

24 

.5 

5.0 

3.5 

83 

95 

96.5 

24 

21.3 

30A 

3.7 

0 

3 

.98 

i/   .242 

26 

1.0 

8.0 

5.0 

77 

92 

95 

28 

- 

31B 

3.0 

0 

3 

.76 

_ 

15 

2.0 

3.0 

3.0 

85 

97 

97 

17 

32B 

3.0 

0 

3 

.79 

16 

2.0 

5.5 

2.5 

77 

94.5 

97.5 

20 

33a 

3.0 

3 

.75 

16 

.5 

3.0 

89 

98 

97 

16 

34A 

3.0 

3 

.75 

20 

1.0 

4.5 

2.0    ■ 

82 

95.5 

98 

21 

35A 

3.0 

3 

.69 

16 

1.0 

3.0 

1.5 

85 

97 

98.5 

17 

36B 

3.0 

3 

.84 

12 

3.0 

1.5 

2.0 

91 

98.5 

98 

14 

37B 

3.0 

3 

.78 

21 

1.0 

4.0 

5.0 

85 

96 

95 

21 

38A 

3.0 

3 

.88 

26 

1.0 

2.5 

1.5 

92 

97.5 

98.5 

23 

39B 

3.0 

3 

.85 

17 

3.0 

4.5 

1.5 

82 

95.5 

98.5 

20 

40A 

3.0 

3 

.90 

30 

3.0 

7.0 

4.0 

82 

93 

96 

30 

Average 

3.0 

3 

3 

0.82 

0.215 

26 

2.0 

3.92 

3.65 

88 

96 

96 

25 

. 

Average 

2,7 

3 

3 

1.17 

_ 

41.6 

2,? 

2,? 

3,85 

?4 

97 

96 

33 

_ 

y  Test  bag  generally  7  to  10  pounds  overweight. 

2/  Four  to  five  graders  used  on  the  house  belt. 

2/  Obtained  from  packinghouse  records  for  the  lot. 

4/  Average  20  bags, 

i/  Average  10  bags. 
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Elapsed 

time  re- 

Amount of 

Amount   of  de- 

lemons removed 

fective  lemons 

efficiency 

Outgoing 

Defects  in 

Test 

Test 

conditions 

to  fill 

ef  fruit 
40- pound 

from  lot  by- 
grader  during 

removed  from 
40-pound  box  by 

incoming 

inspectors 

Test  rate   : 

Revolu-   : 

Rows 

Test 

i      u0u3e 

As  No.    2'3   :      A3 

(?h0"L s    =    culls 

standardj    : 

Test       :   House 

Test 

Test       :     House 

Test 

per  1,000   : 

specimens   : 

pe^foot   1 

pre- 

table 

;    belt  1/ 

table     ;   belt 

table 

table     ;     belt 

table 

Minutes 

Nur.ter 

. 

Minutes 

Minutes 

Pounds         Pounds 

Founds        Founds 

Percent 

Percent       Percent 

Percent 

1A 

3.0 

4 

4 

_ 

_ 

9                0.5 

4.0            5.0 

70 

90                 87 

27 

2A 

3.0 

0.90 

18                3.0 

11.5            9.5 

65 

71                76 

53 

3B 

3.0 

4 

4 

.80 

- 

16                2.0 

4.5            8.0 

80 

89                80 

39 

4A 

3.0 

4 

.75 

0.68 

13                 .5 

4.5            7.0 

75 

89                82 

34 

5A 

3.0 

4 

4 

.75 

- 

9                1.0 

7.5          22.0 

57 

81                45 

35 

6A 

3.0 

4 

.65 

12                3.0 

1.5          10.5 

91 

96                74 

30 

7A 

3.0 

4 

4 

.66 

.72 

9                1.0 

4.5            7.5 

69 

89                81 

29 

8B 

3.0 

4 

.80 

- 

12                1.0 

8.0            6.0 

62 

80                85 

40 

9B 

3.0 

.75 

9                2.0 

4.0            9.0 

73 

90                77 

29 

10A 

3.0 

4 

4 

.80 

- 

9                1.0 

5.5            5.5 

64 

86                86 

31 

11B 

3.0 

4 

4 

.77 

_ 

n                .5 

5.0          11.5 

70 

87                71 

32 

12A 

3.0 

4 

4 

.70 

8.5            1.0 

3.5            8.5 

73 

91                79 

26 

13A 

3.0 

4 

5 

.77 

11                1.5 

5.0            4.0 

71 

87                90 

33 

14B 

3.0 

u 

5 

.69 

- 

7                1.0 

5.5             5.0 

59 

86                87 

28 

15A 

3.0 

4 

5 

.72 

- 

11                  .5 

5.0            9.5 

70 

87                76 

32 

16B 

3.0 

u 

5 

.75 

9                  .5 

4.0            3.5 

70 

90                91 

27 

17* 

3.0 

u 

5 

.81 

- 

11 

3.5            7.5 

76 

91                81 

28 

18A 

3.0 

4 

5 

.82 

11                2.0 

10.5          13.5 

55 

74                66 

44 

19B 

3.0 

4 

5 

.99 

- 

15 

5.0            4.5 

75 

87                89 

36 

20A 

3.0 

4 

5 

1.10 

- 

19                1.0 

7.0            9.0 

74 

82                77 

39 

21A 

3.0 

4 

5 

1.03 

_ 

15                1.0 

3.5            9.0 

82 

91                77 

35 

22B 

3.0 

5 

12                1.0 

5.0            7.5 

72 

87                81 

34 

23B 

3.7 

4 

4 

.96 

- 

15                1.0 

8.0          15.0 

67 

80                62 

43 

3.7 

4 

1.03 

17                  .5 

6.5            9.5 

73 

84                76 

42 

25A 

3.7 

4 

4 

- 

15                  .5 

2.5            5.0 

86 

94                87 

33 

26B 

3.7 

0 

4 

16                1.0 

3.5            5.0 

83 

91                87 

35 

27A 

3.7 

0 

4 

1.18 

19                  .5 

9.5            3.5 

67 

76                91 

42 

28B 

3.7 

0 

4 

.92 

- 

12                2.0 

5.0            8.0 

74 

87                80 

35 

29B 

3.7 

0 

4 

1.03 

- 

12                   2.5 

6.0          11.5 

72 

85                71 

37 

30B 

3.7 

0 

4 

.96 

- 

12                3.0 

7.5            9.5 

67 

81                76 

41 

31A 

3.7 

1 

4 

1.03 

_ 

13                1.0 

8.5          12.0 

62 

79                70 

42 

32B 

3.7 

4 

20                2.0 

5.0            9.0 

81 

87                77 

44 

33A 

3.7 

1 

4 

1.18 

_ 

18                3.5 

6.0            7.5 

78 

85                81 

46 

34B 

3.7 

1 

4 

1.06 

- 

18                1.5 

3.0            5.5 

87 

92                86 

38 

35B 

3.0 

3 

.90 

.49 

15                1.5 

6.0          12.5 

73 

85                69 

40 

36B 

3.0 

3 

4 

.95 

.44 

19                  .5 

5.0          13.0 

80 

87                67 

41 

37B 

2.0 

3 

4 

.57 

.57 

10                  .5 

5.0            6.5 

68 

87                84 

31 

38A 

2.0 

3 

4 

.46 

.49 

7                1.0 

3.5            7.5 

70 

91                81 

22 

39A 

2.0 

3 

4 

.48 

.55 

9                1.0 

11.5          12.5 

47 

71                69 

43 

40B 

2.0 

3 

* 

.46 

.65 

9.5            2.0 

13.0            9.0 

47 

67                77 

47 

1/  Four  inspector 


Table  12. — Elapsed  time  require 


Test 
number 

Test 

conditions 

Elapsed  time  re- 
quired to  grade 
amount  of  fruit 
to  fill  59-pound 
box 

Amount  of 
lemons  removed 

from  lot  by 
grader  during 

test  run 

Amount  of  de- 
fective lemons 

removed  from 
59-pound  box  by 

efficiency 

Outgoing 
quality 

Defects  in 
incoming 

Test  rate 
per  1,000 

specimens 

:     tions  : 

Rows 
sented 

Test       !     House 
table     ;  belt  1/ 

As  No.  2's   :      , 

Test       :  House 
table     ;  belt 

Test 
table 

Test     ;  House 
table   ;  belt 

Test         :     House 
table       ;  belt  2/ 

Minutes 

K-q^ber 

jjunb  er 

Minutes        Minutes 

Pounds           Pounds 

Pounds        Founds 

Percent 

Fercent  Percent 

Percent         Percent 

1A 

2B 
3B 
4A 
5B 
6B 
7B 
8A 

3.0 
3.0 
3.0 
3.0 
2.0 
2.0 
2.0 
2.0 

3 
3 
3 
3 
3 
3 
3 
3 

4 
4 

4 
4 

4 

0.88             0.60 
.67              .60 

1.15            1.03 
.71            1.03 
.57              .56 
.66              .56 
.55              .66 
.58               .66 

11                5.0 
5                  .5 
8                 1.0 

5                  '.5 

4                  .5 

4  .5 

5  1.0 

3.5            1.0 
4.0            5.0 
.5            2.0 
3.0            1.5 
2.0            2.0 
3.0            1.5 
7.0            4.5 
4.5            4.5 

54 
58 
95 
62 
73 
53 
39 
57 

94  98 
93            91 
99            97 

95  97 
97            97 
95            97 
88            92 
92            92 

26 

15                  15 

14 

13 

12 

12 

18 

16 

1/  Four  inspectors  used  on 
2/  Obtained  from  packinghou 
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Elapsed  time  re- 

Amount of 

Am.  uul 

of  de- 

quired  to  grade 

oranges  removed 

fective 

oranges 

efficiency 

Outgoing 
quality 

Defects  in 

Test 

conditions 

amount  of  produce 

from  lot  by 

removed 

from 

incoming 

Test 

to  fill  59-pound 

grader  during 

59- pound 

box  by 

produce 

number 

box 

test  run 

inspec 

Test  rate   : 

Revolu-   : 

Rows 

Test       :      Boused 

As   No.    2's    :        As 
(Choice       :     culls 
standard!)    :    (Juice) 

Test       ! 

House 

Test 

Test     :    House 

Test       '      House 

per  1,000    : 
specimens   : 

tions     : 

sented 

table     ;    belt  1/ 

table 

belt 

table 

table  j    belt 

table     J    belt  2/ 

Minutes 

Number 

Number 

KinuU-s        Minutes 

Pounds           Pounds 

Pounds 

Pounds 

Percent 

Percent  Percent 

IVr.'.-n-, 

1A 

3.0 

3 

4 

0.84          0.27 

10                 1.0 

8.0 

1.0 

58 

85             98 

27 

2A 

3.0 

3 

4 

.69             .27 

6                  5.0 

7.5 

2.0 

59 

87            97 

26 

3B 

3.0 

3 

.75             .36 

13                   .5 

11.5 

4.0 

54 

82            93 

34 

4A 

3.0 

3 

4 

.74             .36 

12                3.0 

10.0 

1.5 

60 

83            97 

34 

5A 

3.0 

3 

4 

.75             .35 

9                1.0 

7.0 

1.5 

59 

88            97 

25 

6B 

3.0 

3 

4 

.75             .35 

7                1.0 

7.5 

2.5 

52 

87            96 

23 

7B 

3.0 

3 

.72             .38 

6                1.0 

15.0 

2.5 

32 

75            96 

33 

8A 

3.0 

3 

4 

.79             .38 

5                2.0 

6.0 

1.5 

54 

90            97 

20                60 

9A 

3.0 

3 

.75             .44 

7                2.0 

2.0 

1.5 

82 

97            97 

16 

10B 

3.0 

3 

4 

.72             .44 

6                   .5 

6.5 

2.5 

50 

89            96 

20 

11B 

3.0 

3 

4 

.78             .46 

S              15.0 

20.5 

1.0 

53 

65            98 

53 

12A 

3.0 

3 

4 

.81             .46 

11                6.0 

13.0 

2.5 

57 

78            96 

40 

13A 

3.0 

3 

4 

.77             .45 

10                1.0 

5.0 

1.5 

69 

92            97 

23 

14* 

3.0 

3 

4 

.77             .45 

9                1.0 

4.0 

1.5 

71 

93            97 

20 

15B 

3.7 

3 

.90            .41 

9                1.5 

11.5 

1.5 

48 

81            97 

32 

16A 

3.7 

3 

4 

.83             .41 

12                3.0 

9.5 

3.0 

61 

84            95 

33 

17B 

3.7 

3 

.90 

17                2.5 

5.0 

1.0 

80 

91            98 

31 

18B 

3.7 

3 

.95 

17                2.0 

4.5 

1.0 

81 

92            98 

30 

19B 

3.0 

4 

5 

.81             .39 

19                2.0 

3.5 

3.0 

86 

94            95 

31 

20A 

3.0 

4 

5 

.69             .39 

20                3.0 

5.0 

3.0 

82 

91            95 

34 

21B 

3.0 

4 

5 

.60            .33 

8                1.0 

5.0 

2.0 

64 

91            97 

21 

22A 

3.0 

4 

5 

.60            .33 

11                   2.0 

5.5 

3.0 

70 

91            95 

26 

23A 

3.0 

4 

5 

.63            .35 

13                2.0 

5.0 

75 

91            98 

27 

24B 

3.0 

5 

.63            .35 

13                2.5 

4.0 

1.0 

79 

93             98 

26 

25B 

3.0 

4 

5 

.68             .33 

18                2.0 

10.0 

3.5 

67 

83             94 

38 

26B 

3.0 

4 

5 

.72            .33 

25                1.5 

11.5 

9.0 

70 

81            85 

43 

27A 

3.0 

4 

-5 

.72            .36 

15                1.5 

4.0 

1.5 

80 

93             97 

27 

28B 

3.0 

5 

.74             .36 

18                   2.0 

1.0 

2.5 

95 

98            96 

26 

29B 

3.0 

4 

6 

.89             .29 

21                   3.0 

6.0 

1.0 

80 

90            98 

36                44 

30A 

3.0 

4 

6 

.88             .29 

19.5            3.0 

7.5 

1.0 

75 

87            98 

37 

31B 

3.0 

4 

6 

.78             .35 

21                6.0 

3.5 

3.0 

89 

94            95 

36 

32B 

3.0 

4 

6 

.72             .35 

23                7.0 

2.5    ' 

2.5 

92 

96            96 

37 

33A 

3.0 

6 

.75             .37 

21.5            2.0 

6.0 

3.0 

80 

90             95 

36 

34A 

3.0 

4 

6 

.87             .37 

22.5              5.0 

2.5 

1.0 

92 

96            98 

35 

35A 

3.0 

6 

.84             .29 

25               2.5 

5.5 

1.5 

83 

91            97 

38 

36A 

3.0 

4 

6 

.78             .29 

23               3.0 

4.0 

1.0 

87 

93            98 

35 

37B 

3.0 

4 

6 

.93             .38 

27               7.0 

13.5 

2.0 

72 

77            97 

51 

38A 

3.0 

4 

6 

.87             .38 

25                9.0 

13.0 

4.5 

72 

78            92 

51 

39A 

3.7 

3 

5 

.96             .39 

26                7.0 

3.5 

5.5 

90 

94            91 

40 

40B 

3.7 

3 

5 

1.05             .39 

27                6.0 

3.0 

3.0 

92 

95            95 

39 

41A 

3.7 

3 

5 

1.17             .35 

28                6.0 

5.5 

6.0 

86 

91            90 

42 

42A 

3.7 

3 

5 

1.20             .35 

33                4.0 

4.5 

5.5 

89 

92            91 

43 

43B 

3.7 

3 

5 

1.20             .36 

31                6.0 

4.0 

3.0 

90 

93            95 

43 

44B 

3.7 

3 

5 

1.11             .36 

29                8.0 

8.0 

45A 

3.7 

3 

5 

1.32            .35 

28              10.0 

7.0 

3.0 

84 

88            95 

46                59 

46B 

3.7 

3 

5 

1.44            .35 

40                7.0 

4.0 

4.5 

92 

93            92 

48 

47B 

3.7 

3 

5 

1.26            .36 

29                5.0 

7.0 

3.0 

83 

88             91 

44 

48A 

3.7 

3 

5 

1.11            .36 

a. 5             5.0 

6.0 

3.5 

82 

90            94 

50 

49A 

3.7 

3 

5 

1.32             .47 

34                8.0 

13.5 

5.0 

76 

77            91 

55 

50B 

3.7 

3 

5 

1.14             .47 

26                6.0 

7.5 

4.0 

81 

87            93 

43 

51B 

4.0 

3 

4 

1.56            .59 

33               13.0 

6.0 

3.0 

88 

90            95 

50 

52A 

4.0 

3 

4 

1.32            .59 

26              13.0 

4.0 

2.5 

91 

93            96 

44 

53B 

4.0 

3 

4 

1.38            .39 

35              15.0 

6.0 

3.0 

89 

90            95 

51 

54A 

4.0 

3 

4 

1.44            .39 

34              20.0 

5.0 

3.0 

92 

91            95 

52 

55A 

4.5 

3 

4 

1.62             .48 

43              26.0 

13.0 

10.0 

84 

78            83 

64 

56B 

4.5 

3 

4 

1.59             .48 

32              17.0 

8.5 

10.5 

85 

85            82 

53 

57B 

4.5 

3 

4 

1.62             .43 

52              10.0 

6.0 

2.5 

91 

90            96 

56 

58B 

4.5 

3 

1.55             .43 

49              10.0 

3.5 

8.0 

94 

94            86 

53 

59A 

4.5 

3 

4 

1.53             .49 

55               12.0 

12.0 

5.0 

85 

80            91 

63 

60B 

4.5 

3 

4 

1.45             .49 

52              15.0 

3.5 

14.0 

95 

94            76 

56 
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